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THE SURVIVING TRUSTEE OF Tu HONOURABLE s 
III. BOYLE'S LECTURES. | .. 


May it pleaſe your G Aan 

May juſtly put theſe LzcTUREs under 
your Grace's patronage, their publication 
being wholly owing to you: for having the 
honour to be a Member of the RoyAaL So- 
CIETY, as well as a Divine, I was minded to 
try what I could do towards the improve- 


I 


ment of philoſophical matters to theological 
uſes; and accordingly laid a ſcheme of what 
I have here publiſhed a part of, and when 1 
mas, eb elſe to do, I drew up what I had to 


2 1 b be. Thomas Tegiſon. wh 


YOL, Wm: i Br, . fa, 
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i —_ - DEDICATION, 


ſay, making it rather the diverting exerciſes 
of my leiſure hours, than more ſerious theolo- 
gical ſludiet. This work (although I made 
a conſiderable progreſs 1 in it at firſt, whilſt a 
novehy, yet) having no thoughts of ;publiſh- | 
ing, I laid aſide, until your Grace, being in- 
formed of my deſign by ſome of my learned 
friends; both of the "Clergy and Laity, was 
pleafed to call me to the unexpected honour 
of preaching Mr. Boyle's LxcTuURES; an 
| honour I was little aware of in my country 
privacy, and not much acquainted with per- 
fons in high ſtations, and not at all particu- 
. larly with your Grace, So that therefore ag 
it pleaſed your Grace, not only to confer an 
unſought, profitable honour upon me : (a 
ſtranger), but alſo, to continue it for two - 

"years, out of your good opinion of my per- 
formance, in ſome meaſure anſwering, Mr, 
Boyle's end; ſol can do no leſs than make 
this public, grateful acknowledgment of your 
rn 8 8 and n favour; 


But it is not myſelf alone; but the whole 


N alſo is deholden to your Grace's 
11 "SIY kind 


| kind and pious endeavours. It Wis you chat 
encouraged this noble charity,” and” affifted 
im the ſettlement of it; in the Honourable 
| Pubinder'slifetime; and ſinee his deaths; it was 
you that ptoeured a more certain ſalty for 
the Lreronzns, paid more 'conſtanitly and 


| COTE AIST rave hg 
dir + E 3820 kbeſe 


. Tt may not only gtatify G curioſity, but 
alſo be of uſe for preventing encroachments in time to 
come, to giye the following: account of Mr. Boyle's Lec- 


_ tures. 


MI. Boyke, by a codicil, dated July the 28th, 1691, and 
annexed to his will, charged his meſſuage or dwelling- 
houſe, in 87. Michael's, Crooked Lane, Londen, with the 
payment of the clear yearly rents and profits thereof, to 
ſome learned Divine in London, or within the bills of- mor- 
tality, to be elected for a term not exceeding three years, 
by his Grace the preſent Lord Archbiſhop of Canterbury, + 
(then Dr. Teni/on,) Sir Henry Aſbburft, Sit Jols Rotheram, 
and Jahn Evelyn, Eſq. The buſineſs he appointed thoſe 
Lectures for, was, a others, To be ready ts ſatisfy real 
ſcruples, and to anſwer ſuth aue objeftions and dificuttier as 
might be flarted, to which god anſivers had nut beim made. 
And alſo, To preach -cight ſermons in the gear; the fe 
Monday of January; February, March, April, nd May; 
an of September, October, an November. The ſubject 
of theſe ſermons was to be, The” proof of the Chriian re- 
ion N notorious infidels, viz, anna, Pagan, 


22 Jeu, 


1 DEDICATION. | 

_ Theſe benefits, as 1 myſelf have been 4 
Gunny: of, ſo I ſhould be very ungrateful, 
ſhould I not duly acknowledge, and repay 
with my repeated thanks good wiſhes, 
And that the Infinite Rewarder of well-doing 
may give your Grace a plentiful reward of 
theſe, and your many other, both public and 
private, benefactions, is the hearty with of 


Your GRAck' 5 


Moſt humble and thankful 
om and Servant, | 
W. Dunn. 
” 4 el A — * n 2 | 


* 


Jews, and Mahometans ; not deſcending lower to any contro« 
werſies that are among Chriſtians themſelves, But by reaſon 
the Lecturers were ſeldom continued above a year, and that 
the houſe ſometimes ſtood empty, and tenants brake, or 
failed in due payment of their rent, thereſore the ſalary 
ſometimes remained long unpaid, or could not be gotten 
without ſome difficulty ; to remedy which inconvenience, 
his preſent Grace of Canterbury procured a yearly ſtipend 
of 501, to be paid quarterly for ever, charged upon a farm 
in the pariſh of Brill in the county of Bucks; which ſti- 
pend is accordingly very duly: n when anne 
without fee or reward. 
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0 THE READER, 
Is the noble Founder of the LzcTurus I have 
had the honour of preaching, was a great 1 
prover of natural knowledge, ſo, in all 


hae did it out of a pious end, r 
of his genie. For it was his ſettled opinion, that 
nothing tended more to cultivate true religion and 
piety in a man's mind, than a thorough" {kill in 
| philoſophy. And fuch effect it manifeſtly had in 


him, as is evident from divers of his publiſhed 


pieces; from his conſtant deportment in neuer 
mentioning the name of Gon without a pauſe, and 


viſible p in hit diſcourſe * ; and from the noble 
foundation of his Lectures for the honour of God, 
and the . eee he Neue for _ 
lame; + N Ne 63 1 A "Is 16 p 


® Vide Pifbo ny * * 


o 


vw © PREFACK. 


And foraſmuch as his Lectures were appointed 
by him for the proof of the Chriſtian religion againſt 
atheiſts and other notorious.infidels *, I thought, when 
I had the honour to be made his Lecturer, that I 
could not better come up to his intent, than to at- 
tempt a demonſtration of the Being and Attributes 
Gov, in what I may call Mr. Boyle's own, that is a 
Phyjico-theological, way. And, beſides that it was 
for this very ſervice that I was called to this honour, 
I was the more induced to follow this method, by 


. reaſon none of my learned and ingenious predeceſ+ 


ſors in theſe Lectures have done it on purpoſe, but 
only caſually, in 2 tranſieng, piece: meal manner; 
they having made it their buſineſs to prove the 
great points of Chriſtianity in another way, which 


they have accordingly admirably done. But con- 


ſidering what our honaurable. Founder's opinion was 
of natural knowledge, and that his intent was, that 


thoſe. matters, by paſſing through divers hands, and 


take in anoſt of what could be ſaid upon the ſubject ; 


OE eee al- 
n eee 5 0 | 


As who! eee 2 3 | 
thing of this kind; as Mer/enne on Gengfs ; Dr, 


vide Mr. Yi Will, 


Cockburne . 


bi 


PREFAGH«/ vi 
Caciburne in his Eſſays; Mr. Ray in his Nisan of 


Cad, Ng. and. 1, may add the firſt of Mr, , 


Lecturers, the molt learned Pr. Bentley, in his Bayle's | 
Lectures, the eloquent Axrchbiſhap af Cambray (an 
I hear, the, ingenious Monſieur Pergult hath ſome- 
thing of this kind, but never day it) : I av 40 
theſe learned and ingenious authors, as the Creation 


is an ample ſubject, ſo I induſtriouſiy endeavoured 


to avoid doing over what they before had done; 
| ad for that reaſgn did not, for many, years, read 
their books until I had. finiſhed my owns; But 
when I came to compare what each gf s had 
done, I found myſelf in many things tc o. haye. been 
anticipated by ſome or other of them, eſpecially by 
my friend the late great Mr. Ray. And there- 
fore in ſome places I ſhortened my diſcourſe, and 
referred to them ; and in a few others, where the 
thread of my aiſcourſe would have been interrupted, 
1 have made uſe of their authority, as the beſt 
judges; as of Mr. Ray's, for inſtance, with relation 
to the mountains; and their plants, and. other pro · 
ducts. If then the Reader ſhould meet with any - 
thing mentioned before by others, and not accord- 
_ ingly acknowledged by me, I hope he will can- 
didly think me no plagiary, becauſe I can aſſure 
him I have all along (where I was aware of it) 
cited my authors with their due praiſe. And it is 


ſcarcely poſiible, when men write on the ſame, or a 


24 ſubjeck 


we 


in wis ler, 

1 
ous, but that they muſt often hit upon the ſame 
thing. And frequently this may happen from 


makin obſervations about one and the 
perſons g 


_ fame thing, without knowing what each other 
| hath done; which indeed, when the firſt edition 
of my þook was nearly printed off, 1 found to be 
my own-eaſe, having (for want of Dr, Hook's Mi- 


crography being at hand, it being a very ſcarce 
book, and many years ſince 1 read it) given de- 


feriptions of two or three things which I thought 
© bad not been tolerably well obſerved before, but 


are deſcribed well by that curious gentleman, * 


One Is a feather, the mechaniſm of which we | 


in the main agree in, except in his repreſentation i in 
Fs: I, ſcheme 22, which is ſomewhat different from 


what I haverepreſented in my . 9, 10, 11. Plate H. 
But I can ſtand by the truth, though not the ele- 
gance of my figures *, But as to the other differ. 


ences, they are accidental, occaſioned by our 


taking the parts in a different view, or in a dif- 

ferent part of a vane; and to ſay the truth, (not 
Hattering myſelf, or detracting from the admir-. 
able obſervations of that great man,) I have hit 


» The former Editions of this work contained only « dae 
bee eee 


PAEFACB.” In 


upon a few things that ' eſcaped Him, being 


enabled to do ſo, not only by the help of ſuch'ti- 


croſcopes as he made uſe of, but alſo by thoſs- 


made by Mr. Wilſon, which exteed all I ever 


ſaw; whether of Engliſh, Dutch, or Iralias um, 


ſeveral of which ſorts I have ſeen and examined 
. po 3 0 be sl vai ng 


Irene thing we have both of ue" figured 


and deſcribed is, "the fling of # ber or "wn 1p; in 
which we differ more than iti the laſt. But 5 4 
careful re. examination, I find, that although Dr. 


Hol' obſervations are more critical” tm any 


where before, yet they äre not ſo true ab mine. 
For as to the ſeabbard, (as he calls it) Lc, 
never diſcover any beards thereon; and I dare be 
conſident there are none, but what are on the 
two ſpears. And as to the point of the ſcabbard, 


he hath repreſented it as tubular or blutitiſh at 


the top; but it really t terminates in a ſhatp point, 
and the two ſpears and the poiſon come out at a 
llt, or longiſh hole, a little below the top or point. 
And as to'the ſpears, he makes them to be but 
one, and that the point thereof lies always out of 
the ſcabbard. But, by a ſtrict examination, they 
will be found to be two, as 1 have ſaid, and thut 
they always lie within the /eabbard, encept in 
— as 1 have repreſented them, in Plate E, 


8 Ml : Ag. 2. 


55 
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the other, he 


ed Gans — a,walp, And 
as to the ſpear being made of joints, and 
two; as his g- 2. ſcheme 16, repreſents, I ebuld 


never upon | a review, diſcoyer it to be ſo, but 


imagine, that by ſeeing the beards lying upon or 


behind the ſpears, he might take them for joints, 


and by ſeeing the point of one ſpear lie before 
ight think the ſpear was parted in 
two, But leſt the Reader ſhould think himſelf 
impoſed upon both by Dr. Heok and my/2\,it is 
Necefary, to be obſeryed, that the beards (or tenter- 
duaalir as Dr. Hook calls ihem) lie only on one fide 


' of gach ſpear, not all round them; and are there- 


fore-not/to be ſeen, unleſs they are laid in a due 
poſture in the 2 vix. — 


; 28 71 or Rs the ſpear. 


he kſt thing (which * deſeryes mention) 
1 the mechaniſm of the hair, which Dr. Hook 
found to be ſolid, like a long piece of horn, not 
hollow, as Ma/pighi ſound it in ſome animals. 
And I have found both thoſe great men to be in 
ſome, meaſure in the right, the hair of ſome ani- 
mals, or in ſome parts of the body, being very 
Uittle, if at all, tubular; and in others, particularly 
mice, rats, and cats, to bone Jaye toproſented.in 
| 0; IG 10 1% 


| And 


. 
* 
- 


— «* 4 # *® -* 
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Ae. x 
namely, to confirm, correct, or clear others ob» . 

ſervations, I hope the Reader will excuſe it, if he 

meets with any more of the like kind. But non 
hably there may be many ſuch,) I am more ſolicit· 
ous to beg the reader's candour and favour, | with 
relation hoth to the. fart and noten: in the forme 
of which; L fear, he will think I have as much dn 
der- done, às in the latter over done; the matter: 
but for my excuſe,” I deſire it may be conſidered; 
chat the textual part being ſermons, to be deliver 
ed in the pulpit, it was neceſſary to inſiſt but 
briefly upon” any of the Works of Gop, and to 
leave out many things that might have been admitted 
in u more Tree Giſecurſe. So chat T Wiſh it may 
not de'thought 1 Bae fi tos much rather in 
foo little for fach an occafion and place. And 
indeed, I had no {mall trouble in expunging fön 

things, altering many, and ſoftening the moſt, zt, 
in a word, giving in ſome meaſure the whole 4 
different dreſs than what 1 had at firſt" drawn it” 


e 1 


pp in, and what jt now appears in. 


911A): 2151 


And av for the meter, which may be thought = 
rere conf ih W — 
and 


xii | PREFACE; 


and had thoughts of doing it, vy eng due of | 
them into the text, as an ingenious, learned friend 
adviſed. But when I began to do this, I found it 
was in à manner to new-make” all} and that I 
ſould be neceſſitated to tranſcribe the greateſt 
part of the book, which (having no aſſiſtant) 
' would have been too tedious for me; being pretty 
well fatigued with it before. I then chought- it 
beſt to pare off from ſome, and to leave out 
others, and accordingly: did ſo in many places, 
and would have done it in more, particularly 
in many of the | citations. out of the Ancient, 
anatomical obſeruations, and many of my qwn and 
dthers obſeryations; but then I conſidered, as to 
the firſt, that thoſe citations do (many of them at 
leaſt) ſhew the ſenſe of mankind about Gop's | 
works, and that the moſt of them may, be acgept- 
able to young: gentlemen at the, univerſities; for 
whoſe, ſervice. tkele Lectures are greatly intended. 
And as to the Anatomical notes, and ſome others 
of che like nature, moſt of them ſerye either to the 
| confirmation, or the illuſtration, or explication of 
the text, if not to. the learned, yet to the unkkilful, 
leſs learned reader; for whoſe ſake, if I had added 
more, I belieye he would forgive me. And laſtly, 
as to. 1 obſeryations of myſelf, and ſome others, 

9 cs where 


rA. | 
where it happens that they are long, it b com- 
monly where a neceſſity lay upon me of fully 
expreſſing the Author's ſenſe, or my own, or 
where the thing was new, and neyer before pub- 
expreſs and particular, than in matters better 
known, or where the neee be Fe 
ung. Won ene HH Kn ada 


> 


* n Fo former editions L pants another aur I 
relating to the Heavens, if I was thereunto en- 
couraged. And two large impreſſions of this 
book, having been ſold off, ſo as to admit of a 
| third before the year was gone about; and hearing 
that it is tranſlated into two, if not three lan- 
gusges; but, eſpecially, being importuned by di- 
vers learned perſons, both known and unknown, 
I have. thought myſelf ſufficiently engaged to per - 
— that _— and . en 158 6 


ed d now N ö 
e the viſible creation, except the u- 
ters, which are for the moſt det bie and 
the vegetables, which, for the want of time, I was 
| forced to treat of in a perfunftory manner. And 


do the undertaking of the former of theſe, having 
010 | received 


me 


_ Fer. 
received divers ſolicitations from perſons un- 
known, as well as known, I think myſelf bound 

in civility to own their favour, and to return them 
my heatty thanks for the kind opinion they have 
ſhewn of my other performances, that they have 
encouraged me to undertake this other taſk. And 
accordingly I have begun it, and (as far as my 
affairs will permit) have made ſome progreſs in it: 
but age and avocations growing upon me, I begin 
to fear I ſhall ſcarce be able to- finiſh it as I would, 
and therefore muſt recommend that ample and 

noble ſubject to others, who have more 197 

and n do it better than * bt 


As" to ale, 1 have Been itch | folicted 
thereto by divers curious' arid learned perſons, 
who would have had me to inſert” ſome of their 
obſervations, and many more of my on: but 

in a work of this nature, this would have been 
endleſs ; and although the book would thereby be 
rendered much better and more complete, yet I 
could by no means excuſe ſo great an injuſtice. to 
the purchaſers of the former editions. And theres 
fore (except in the ſecond edition, where it was 

not eaſy to be avoided) few additions or alterations 
have been made, beſides what were typographical, 
er of {mall conſideration, Only in the third edi · 


* 


PREFACE, Ir 
tion I amended the firſt paragraph of note l. cup. 54 


, 


book i. concerning Gravity; and in the fourth, page . 


16 and 18, I inſerted two paſſages out of Seneca, 


that were inadvertently left out, and corrected 


many n | 7 


f to want amendment. 


And laſtly, as to the Analyſi, it was added at 1 
the requeſt of ſome of my learned and ingenious 5 


friends; and although it might have been con- 


tracted, ey would not ſuffer it to be io, - 1 
4 
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THE-'REV. DR. WILLIAM DERHAM. 
Wire DrxHam was born at Stowton in 
the county of, Worceſter, 26th November 
1657. Of the condition of his parents we have no 
account; though it is probable their rank in life 
was reſpectable, as their ſon enjoyed the betiefit of 
a moſt liberal education. The rudiments of his 
- Kterary knowledge he received at Blockley in 
Woreeſterſhire, under the Reverend Mr. Nathaniel 
Collier; and in May 1675, being then in the 18th 
year of his age, he became a ſtudent of Trinity Col- 
lege, Oxford, and had for his tutor the learned Dr. 
Willes, father to that eminent Lawyer, who was 
afterwards Lord Chief Juſtice of the Common 
Pleas. Mr. Derham took the degree of Bache- 
lor of Arts, January 28, 1678-9; and being 
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Zenuity, 
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genuity, than by his many amiable qualities of mind, 
he ſo ingratiated himſelf with the Preſident of his 
college, Dr. Bathurſt, as to obtain from him a moſt 
warm recommendation to Dr. Ward, Biſhop of 
Saliſbury; by whoſe intereſt, as ſoon as the had en- 
tered into holy orders, he procured the appoint- 
ment of domeſtic chaplain to the Dowager Lady 
Grey of Warke. He was ordained Deacon, May 
29th, 1681, by Dr. Compton, Biſhop of London; 
and Prieſt in the year following, by the — of 
MPO: 


5 on the 5th July 1682, he was preſented by Mr. 


Neville to the vicarage of Wargrave in Berkſhire, 


and in 168g he obtained the rectory of Upminſter 
in Eſſex, a living of above 2001. a year, and at the 
ſhort diſtance of 15 miles from the metropolis ; a 
ſituation, to a perſon of our Author's turn of mind, 
highly deſirable, as giving him the enjoyment. of 
the ſociety of thoſe men of letters who cultivated 
ſimilar purſuits, the opportunity of attending the 
meetings of the Royal Society, and the eaſy attain- 
ment of ſuch, books and inſtruments as were neceſ- 
fary for the proſecution of his favourite ſciences of 
natural hiſtory and experimental philoſophy. To 
theſe ſtudies he therefore applied himſelf with an 
enthuſiaſm 


/ 
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entbuſiaſn congenial to his nature, and with a 
meaſure of ſucceſs proportioned ito his exertiot. "74 


| Mr. Derham's „ 
e ee him the honour of being 


elected a Fellow of the Royal Society; and he ſoon 

approved himſelf one of its moſt uſeful and induſ- 
trious members, by furniſhing a very great numbes 
of ingenious effays and obſervations, which, during a 
period of above thirty years, form a valuable part 
of the d Tranſactions. Eten 


ee ie and eee ee 3 
ſeription and Uſer of an Itrument' for finding the 
Meridian of any Place ; and for | obſerving the 
Tranſits of the Celeſtial: Bodies over it. The prin- 
cipal. uſes of this inſtrument, which is extremely 
ſimple in its conſtruction, the Author obſerves, are, 
110; That we may fee when it is noon, in all places 
within one, two, or at moſt three ſeconds of time; 
ſo that it much exceeds in accuracy all ſorts of fun« 
dials ; and that, without the neceſſity of any ad- 
juſtment to particular latitudes, & c. 2dö, It points 
out with exactneſs the preciſe errors of all ſun- dials. 
3tio, As the fixed ſtars as well as the ſun may be 
Wen to tranſit the meridian, the hour of the night 
855 b 2 . as 


e eee 
great preciſion. 410, The hour of the day and 
night being thus diſcoverable to within one, two, 
or three ſeconds, the inſtrument may be uſeful in 
finding the exact difference of meridians, either by 
the eclipſes of Jupiter's fatellites, or the occultation 
of the fixed ſtars by the moon. Fra, A meridian 
line may thereby be continued for many miles. 
found in No. 291 of the Philoſophical: Tranſ- 
| actions. TER L Arie i ech 39 


2. Magnetical Experiments and Obſeruationt.— 
This paper is publiſhed in the Philoſophical Tranſ- 
actions, No. zog. The chief experiments here 
noticed are, the bending a magnetiſed wire into an 
annular form, ſo as to make the two ends meet, and 
then bringing it back to a ſtraight figure; when it 
was found to have totally loſt its verticity, ſo as to 
be quite indifferent to the poles of the loadſtone z 
either end of it becoming capable of being attratted 
by either pole of the magnet, in the ſame manner 
as if the wire had never been touched at all, or its 
magnetic virtue had been deſtroyed by heating it 
red hot. The cauſe of this extraordinary phæno- 
menon the Author ſuppoſes to be the ſeparation of 
-@ 1 che 
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the fibres of the iron by the extreme violence it has 
ſuffered, and the change of their ſituation with re- 
ſpect to each other. In this paper Mr. Derham de- 
tails many curious experiments he made by tuiſting | 
magnetiſed wires, and by ſplitting or cleaving them. 
The effect of the former operation was always to 
weaken, and ſometimes to invert the verticity ; the 
effect of the latter was ſometimes to change the 
verticity, and ſometimes not. He likewiſe takes 
notice of a curious fact, viz. that the orb of the 
activity of magnets is larger and ſmaller at different 
times; ſo that the ſame magnet which at one time 
will exert its influence to the diſtance of nine feet, 
will at another not extend its operation beyond 
three feet. From his magnetical experiments and 
obſervations, Mr. Derham communicated to the 
| Royal Society likewiſe the following curious di- 
covery which he has alſo mentioned in the 5th 
Book of his Phyſico-Theology ; viz. . That as the 
common horizontal needle- is nina Va” 
«.rying up and down towards the eaſt and weſt, - 
< ſo is the dipping needle varying up and down 
< towards or fromwards the zenith, with its 
magnetic tendency deſcribing a circle round the 
“ pole of the world, (as the Author conceives,) or 


„ ſome other point. So that if a needle could be 


procured ſo nicely made as to point exactly ac- 
4 „ cording 


* 
% ; 
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« cording to its magnetic direction, it would in a 
« certain number of years deſcribe a circle of about 
4 13 gr. radius round the magnetic poles nor- 
* e and e IM a 


3 Experiments and heren on the Motion f 


Shin Philoſophical Tranſactions, No. 313. In 


this elaborate and curious paper, which is written 
in Latin, Mr. Derham endeavours to prove the fol- 
lowing propoſitions : That the motion of ſound is 
not altered by variations in the ſtate of the air; 


; though its loudneſs or intenſeneſs may be thereby 


altered : and that ſounds proceeding from different 
bodies move all with the ſame velocity. He treats of 


_echoes ; of the aſcending and deſcending of ſounds ; 
of the influence of winds on ſounds ; and of the 


yelocity of winds and of ſounds, 


4. Account of a Child's crying in Utero. After 
having eſtabliſhed the truth of the fact from various 
inſtances, the Author juſtly concludes, that as no 


ſound can be uttered without reſpiration, ſo there 


muſt have been in thoſe caſes a temporary reſpira- 


tion ; although he cannot pretend to deſcribe the 
manner in which that may have been performed. 
bad Whether, 2 25 he, in that reſpiration, any 


of 
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of the blood paſſeth into the lungs, or whether 
« jt doth not continue its circulation through the 


« foramen ovale only; or if any more than ordi- 


% nary blood ſhould: by ſuch reſpiration get into 

the lungs, whether it may not eaſily and without 

& inconvenience be diſcharged thence, during that 

« ſtate of life the foetus leads in the womb ; all theſe 
care doubts I am unable to determine. But, how- 

ever, thus much favouring my opinion may be 

<< obſerved in the ſea-calf, and ſuch other animals 

4e as have the foramen ovale, that the circulation of 

5 their blood is continued, notwithſtanding the diſ- 

1 continuance of their . wn time. 


The Reader will find at the end of this account 


the titles of the numerous papers with which our 
Author from time to time enriched the SOR 


of the Royal Society. 


Occupied in theſe moſt laudable 0. and 
diſcharging at the ſame time with unremitting dili- 
gence the duties of a faithful Paſtor, Mr. Derham 
continued to reſide for many years at his living of 
Upminſter ; viſiting London only occaſionally, and 
even on thoſe evenings when he attended the 
Wnt the Royal Society, returning on horſe- 

54 Tj back | 


| - P | 
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back to ſleep at his parſonage. Some of thoſe me- 
teorological papers which he gave to the Philoſo- 
phical Tranſactions, indicate, that the obſervations * 
were made during thoſe evening rides between 
London and Upminſter. Indeed the conſtancy of . 
his reſidence in his own pariſh is demonſtrated by 
the correct regiſters of the weather which he kept 
for a courſe of many years, and which are likewiſe 
to be found in the Tranſactions of the Royal So- 


- The life of a country clergyman is in every re- 
ſpect more favourable to the cultivation of natural 
ſcience, by experiment and obſervation, than any 
other profeſſional employment. He has all the 
leiſure that is requiſite to philoſophic reſearches ; 
he can watch the ſucceſs of his experiments from 
day to day, and inſtitute long proceſſes without in- 
terruption, or record his obſervations without 
chaſm or diſcontinuation ; and if he aſſociates, as 
did our excellent Author, and as all philoſophers 
ought to do, the knowledge of Nature and the 
diſcovery of her laws, with the perfections and 
attributes of that wonderful Being who framed 
thoſe laws and conſtantly ſuperintends their opera- 
aw and effect, he deviates not in any reſpect from 
* Ing 
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his — dutie, but is, on the contrary, 
a moſt eee 


S773 CHEF 


And e ee eee a 1 
more truly conſonant to the character of a clergy» 
man are thoſe reſearches in which this worthy 
man employed his leiſure hours; reſearches which: 
tend not only to eſtabliſh the truth of the firſt 
principles of Religion, the exiſtence and attributes 


of the Divinity, but to found that ſentiment upon 


the beſt affections of the heart, Gratitude and 
Love towards the Author of our exiſtence, than 
thoſe occupations which are generally deemed the 
peculiar province of the clergy, the dark, per- 
plexed, and endleſs controverſies of polemical The. 
ology. It is a certain but a moſt melancholy truth, 
that although all the fundamental articles of re- 
ligious belief, which are eſſential to the happineſs 
of mankind, are in themſelves extremely ſimple, 
and carry their recommendation both to the un- 
derſtanding and affections of the generality of 
mankind, they have been by the profeſſors and 
teachers of theology ſo involved in metaphyſical 
ſubtilty, and ſyſtems of belief ſo diſcordant with 
rr ; 
W | 
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Wich ought to be the principle of union among 


mankind, as teaching all to regard themſelves as 
children of one common benevolent Parent, has 
too frequently proved the torch of diſſenſion, 
kindling the moſt malevolent paſſions, which 
have ſplit ſociety into factions, animated with the 
moſt rancorous ſpirit againſt each other, and 
rouſed into action the worſt and moſt implacable 
feelings of our nature. Religion, ſeparated from 
Devotion, has become a ſyſtem of the head inſtead 
of a ſentiment of 'the heart; and the profeſſed 
Theologian ſeeks not to engage the affections of 
man to his Creator, but to gain the praiſe of an 
able champion, whoſe erudition can put to ſilence 
the ignorance of his antagoniſts, whoſe ſatire and 
irony can. expoſe them to contempt, or whoſe 
powerful logic can convict them of ſuch departure 
from the tenets of orthodoxy, as to render them 
objects of deteſtation to their fellow-creatures in 
this world, and hold them forth as victims devoted 

to everlaſting perdition in that whictf is to come, 


Far different from theſe-were the views of re- 
 ligion, and of courſe the occupations of our excel- 
lent, Author, as theſe his literary -labours abun - 
dantly ſhew. That he had, indeed, a! moſt ſtrict 
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| and perhaps an over-ſcrupulous ſenſe of the prac= 

tical duties of the Clerical character, appears from 

his having thought it neceſſary to uſher in a very 
uſeful. and ingenious work, (one of his earlieſt | 
publications,) intitled The Artificial Clock-maker, 
with the following ſerious apology: This little 
* book was a part of the diverſions of the Author's 
juvenile years, and at firſt drawn up in a rude 
„ manner only to pleaſe | himſelf; and divert the 
e vacant hours of a ſolitary country life: and he 
adds, Upon the account of the innocence-of my 
end in publiſhing this book, and that it was 
6“ written only as the Hharmigſ (I may add alſo the 
& virtuous) ſport of leiſure hours, I think myſelf en. 
&* cuſable to God and the world for the expence of 
E IR 
Tm” 2 Ma er et nh-c 


* 1705 Mr. Derham mobil, in three vo- 
Mrs 8yo. © Miſcellanea Curioſa, or a Collection 
of ſome of the principal Phænomena of Nature 
accounted for by the greateſt: Philoſophers of 
the Age: taken from the Tranſactions of the 
Royal Society.“ In this collection are to be 
found ſeveral valuable papers of Sir aac Newton, 
. , M. de Moivre, Mr. 
eie | | Molyneux, 
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Molyneux, and others; and with regard to their | / 
merit, the Editor that the theories and 


4 diſcoveries Here collefted/ have already paſſed 
e the cenſure of the learned world, who have ac- 


«.knowledged them the molt ſatisfactory accounts 


of Nature's proceedings, wherein ſome of her 


« greateſt depths are fathomed, and a foundation 
laid for poſterity to build an infinite ſuperſtruc- 
ture. It is probable that our Author intended 


to have continued this work to a greater length, 


as he informs us in his Preface, that the deſign of 
« the collection is to digeſt, in a convenient method, 


« all the moſt curious philoſophical and mathema- 


6-tical diſcoveries, as they are to be met with, which 


, may any way tend to the uſe of life, or advance- 
„ ment of arts and ſciences.” But we may preſume 


he found his plan ſuperſeded by the excellent 


Abridgment of the Philoſophical Tranſactions by 


Lowthorpe, Jones, and -others, which was Joon 
after een to the Public. 323 


eee Mr. eee 


Dr. Teniſon, Archbiſhop of Canterbury, to be 


the preacher of the Honourable Mr. Boyle's Lec- 
tures ; an inſtitution which, being frequently ſup- 


; "oO men ME TI has produced 


a 


” 


bn. WILIA Buena alt” 
ane of dileoürſes equally contributing to the 


advancement of true Sie and of ſound Pil 
ſophy. This appointment he juſtly conſidered us 
| highly honourable, being a tribute paid both to 
the reſpectability of his character as a clergyman, 
and to his talents as a man of ſcience. He bent 
his mind, therefore, with great vigour and alactity ? 
to the performance of his taſk ; and having, as he 
tells us himſelf, previouſly © tried what he could 

* do-/towards the improvement of philoſophical 
Able collections, yet without any view to pub 
lleation, he now availed himſelf of theſe materials 
in the compoſition of Sixteen Diſcourſes, of which 
the object is a demonſtration of the Being atifl 
Mividueeof Gol from —— 
W ain _— mber of learned 5 
work to the Public under de le of Phu. 
rue We | * g TRE } 33 
wy ane eee ene 
In the Preface eee work, the Aw- 
thor, with his, uſual modeſty, apologines do e 
Public for his on undertaking, conſidering that 


* wah 
rod tes. „ 
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of ſuch eminent men as Mr. Boyle, Mr. Ray, 


xxx LIFE--AND WRITINGS, OF 
they. were already in poſſeſſion of the writings 


Bentley, and others, upon the ſame or 7 
ſimilar topics. But with regard to theſe writers, 
he obſerves, that he had induſtriouſly endeavoured 


to avoid treading in their footſteps, by forbearing 
the peruſal of their books for many years, till he 


had entirely finiſhed his own ; and afterwards, on 


' & compariſon of their treatiſes with his, retrenched 
- whatever he found had been treated by them with 
Sufficient amplitude, and contented himſelf with re- 
ſerring to their authorities: and that in other parti» 


culars he had endeavoured to conform, to correct, 
and clear the obſervations of others. So that on 
the whole, as the intention of the honourable 
founder of that inſtitution, which had given birth 
to theſe Diſcourſes, was, that the ſubjet ſhould 
Teceive every poſſible illuſtration, by | paſſing 
through different hands, and being treated of in 


different methods, he humbly hoped that © his per- 


« formance might be acceptable, though one of the 


4 meaneſt.” It is butjuſtice to ſay, that this aimable 
_ "{lf-humiliation has ong ſince met with its ample 
recompence in the unanimous teſtimony that. the 


world has paid to the ſuperior excellence of that 


work, 


bn. WILLIAM DERHAR,' wee 
work, thus meanly rated by its Author, to every 
thing of the kind that has * either mur s 
or fince his time. FA * 0 | * 1 RACK 

| 1E en a ban GDH 
* this Ehbehg year yr in the proſecution 
of the ſame noble and pious deſign, Mr. Derham 
publiſhed what he had announced in the Preface 
to the above-mentioned work, his Treatiſe intitled 
& Aftro- Theology, or a Demonſtration of the Being 


and — of God from a Survey of the | 


4 Heav In this work, which is divided into 
eight — the Author treats fr/# of the magni- 
tude of the univerſe; under which he eonſiders 
not only / the meaſure and ſize of the heavenly bo- 
dies individually taken, but the immenſity of the 
whole ſyſtem, the ſpace which it 'octupies, and che 
endleſs, or at leaſt incalculable number of planets 
ſimilar to our own, and in all probability fitted 
for the reſidence of animated beings; which; if we 

ſuppoſe each of the fixed ſtars to be the entre of a 
ſolar ſyſtem like that of which our earth is a com- 
ponent part, make up the wonderful fabric of the 
univerſe. In the ſecond Book. he' treats more par- 
ticularly of the ſeveral component parts of this 
grand machine: he aſſigns the" reaſons for ſup. 
poſing each of the fixed ſtars to be a ſun, and the 
TOY a — ; centre 
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contre of a ſyſtem of planets ; a concluſion, as he 
ſhews,' equally: reſulting from phyſical- conſider» 
ations, ſuch as their ſhining by their on native 
light, and not by reflection from our ſun; 
and alſo. from the moral conſiderations of their 
contrib ating little or nothing to the uſes of our 


globe; from the parity and uniformity obſervable in 


| all the works of the Creator; and from the ſupe- 

rior recommendation that this theory has to the 
mind, as giving the moſt extenſive, magnificent, 
and moſt worthy views of the power and purpoſes 
of the Almighty. Being. In the third Book, the 
Author conſiders the due ſituation and diſtance of 


the heavenly bodies with reſpect to each other; 


ſo regulated, as that they neither interfere in their 
courſes nor in their influences. In the fourth 
Book he treats in a particular manner of the mo- 
tions of thoſe bodies; of their diurnal and periodi- 
cal reyolations ; and of the perpetuity, conſtancy, 
and, regularity of thoſe motions: and by a pa- 
 rallel drawn between theſe, and the moſt perſe&t 
of the works of man, he illuſtrates, in the moſt 
convincing manner, his fundamental propoſition, 
that "while we allow the latter to be demonſtrable 
evidence of deſign, and of wiſdom in the operator, 
i 3 or the moſt de- 
mn * & plorable 


— 


” . „ ; 
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plorable perverſion of intellect to refuſe to draw = 
the fame concluſion with reſpect to the former” . 
Our Author, in his £6 Book, deduces a further 
proof of his great theme, from the conſonaney of | 
the heavenly bodies in the ſame ſpherical or ſphe- 

roidal figure, which circumſtance he demonſtrates - 
to ariſe from the univerſal law of Attraction or 
Gravity; a law which not only determines their 
globular) figure, but preſerves them conſtantly in 
the fame figure; thus counteraéting that centri« © - 
fugal force which otherwiſe would cauſe their 
component parts to ſeparate and fly aſunder. And 
he here explains, in a ſhort and moſt ſatiefatory - 
manner, that great diſcovery which we owe ts 
- the genius of Sir Iſaac Newton; that it is this * 
principle of Gravity which, together with the mo» 
tion or impulſe originally communicated to theſe 
bodies by the Fir Cauſe, not anly retains the pla- 
nets in their orbits without the flighteſt eyagation, 
but ſolves in the moſt complete manner all the 
phenomena of their motions, In the ſeventh;Book 
the Author treats of the light and heat of the Sun, 
and of the fixed ſtars; the due poſition of the S 
with reſpect to its planen; of the neceſſity of 
Light, and the utility of the Atmoſphere; of the 
Moon and its relative phanomena, the tides, 
eclipſes, &c.z and of the other er planets 
| VOL. U. 25 c | or 


ri 0 ? 
or ſatellites: and he concludes his work in the 
eighth, Book, by drawing thoſe practical inferences 
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with reſpe& to the relation in which we ſtand to 
me Creator, and the duties we, owe him, which 
naturally reſult from the nm 
has e. iy ; 1 


ee ee wr . | 
the public proportionate to its merits, and it has 


run through numberleſs editions. Much as the 


ſcience of Aſtronomy has been indebted. in detail 
to modern . diſcoveries ſince the time of Mr. 


Derham, and in particular to thoſe of that moſt 


eminent and arduous explorer of the heavens, 


| Mr, Herſchel; it is but juſtice to ſay, that all the 


fundamental principles and material doctrines of 
the ſcience were as thoroughly underſtood in 'the 
age of Sir Iſaac Newton, as they are at the pre- 


| 2 The treatiſe of Mr. Derham, there - 


e, being founded on thoſe ſolid principles, and 
— re doctrines, is in no ſenſe whatever anti- — 


quated: it contains no theories that have been 


exploded, no facts that more recent obſervation . 
has'diſproves, We obſerve, that on ſome points 
where he has expreſſed his doubt, or rather his | 
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valls at preſent; as for example, with reſpect to 
thoſe. nebuow or cloudy ſtars which. are to be 
found in the conſtellations of Hercules, Orian, and 


others, and which our Author, in his Preface to 


the A/ro-T heology, informs us that he ſurveyed 
with Mr. Huygens's great glaſs, and frankly owns, 
that he could never diſcern what they truly were; 
we ; know. that Mr. Herſchel, / within theſe few - 
years, firſt entertained an opinion, that they were 
analogous to the milky way, and that the luminous 
cloud with which they were ſurrounded was 2 
very crowded cluſter of ſtars exceedingly remote; 


And afterwards changed that opinion for another, 


which, though he has rendered probable, is yet by - 
no means ſatisfactorily aſcertained, viz. that the 
luminous cloud is a ſhining fluid of a nature to- 
— rig 47 REIN in- 

In the preliminary difcourle to the Aſtro:Theo- 
log; Mr. Derham informs us, that he lay under 
ſeveral inconveniences for puſhing very far his 
aſtronomical diſcoveries. One was the want of a 
free horizon, his dwelling-houſe 'being much fur- 
. rounded with trees; another was the want of a 
pole of above 100 feet in length, which was requi- 

* for et Mr. Huygens's glaſs, of 126 feet 
C2 | to 


1 . 


eden tut an WAN OS _ 
10 its proper elevation, ſo as to ſee the heavenly 
| bodies above the thick vapours: but above all, 
he laments that his increaſing age, and two dan- 
© | gerous fits of fickneſs, which much impaired his 
fight, had rendered him “ incapable of ſuch ob- 
6 ſervations, eſpecially at ſuch ſeaſons of the night 
© and weather as are fitteſt for viewing the hea- 
6-venly bodies.” Yet under all theſe diſadvantages 
his own obſervations appear to have been made 
with ſingular care and accuracy. It is not un- 
worthy of remark, that he ſeems to have been the 
Grſt who actually faw the 6th and 5th ſatellites of 
Saturn 4 and although upon further obſervation 
he was induced to think that this opinion was 
erroneous, and that what he took for ſatellites 
were fixed ſtars; yet as Mr. Herſchel has ſince 
verified the exiſtence of the 6th and 7th ſatellites, 
it is not improbable that the latter were actually 
thoſe which Mr. Derham had ſeen with Huygens's 
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be riſing reputation of our Author, ſoon after 
the publication of this treatiſe, attracted the no- 
bie of the Prince of Wales, afterwards George 
dhe Second, who appointed bim his Chaplain, and 
—_—_ tor him a. canonry of Windſor, into 
5 which 
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large additions from the Author's manuſcripesy! _ 
ſeveral pieces of his deceaſed friend the learned: 


and ingenious Mr. Ray; particularly his admirdble 
work intitled “ The Wiſdom of God manifeſted* 


in the Works of the Creation; and Tree 


4 Phyſics - Theological Diſcourſes cone ning, 
4 1 The Primitive Chaos and-' Creation of s 
World; al The General Deluge, its Cauſes, and 
« Betts 3 andy 3- The Difſohution en nen 
eee ue | ey mY 
Noch ac bh * * 
in de. on 1 babies Hkewife/s 11 1 
humous work of Mr. Ray's, intitled © Synepfir 
n Avium #Piſeium;” dee. j and in the year 1718, he 
methodifed and poliſhed * Philoſophical Letter 
1e between the late learned Mt. Ray and ſeveral 
« of his ingenious Correſpondents, Natives and 
* Foreigners ; to which ate added thoſe of Francis 
„ Willoughby, Eſquire; the Whole conſifiing'sf 
many curious Diſcoveries and Improvertietits ih 
* the Hiſtory of Quadrupeds, Birds, Fiſhes, Init, 
— „n | 
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tained in this volume, would have loſt nothing 
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Mr. Derham informs us in his preface, that he 

had taken the liberty of abridging many of the 
letters, by leaving out all that was not ſtrictly 
philoſophical, This, we muſt be forgiven for ob · 
ſerving, is a liberty in which an editor ought very = 
rarely to indulge himſelf; and it is probable that, 
in the preſent inſtance, Mr. Derham would have 
more gratiſied the taſte of the generality of his 
readers, had he publiſned thoſe. letters in their 
original ſorm, than mutilated as they now ap- 
pear. Thoſe eminent men, whole letters are con - 


of the reſpect due to their character as philoſo- 


phers, though we had obſerved them in the freo- 


dom of epiſtolary correſpondence intermixing their 


obſervations on fcience with the ordinary minutiae = 


of life, their domeſtic occupations, the eaſy con- 
verſation of the fireſide, or the current ſtory of 
the day. How little credit do we allow to the 
faſtidious delicacy of Biſhop Sprat, who, while he 
acknowledged that he was poſſeſſed of a large col - 


 leftion of the letters of Cowley, which were fingus 


larly expreſlive of the native tendernèſs and in- 
nocent gaiety of his mind,” yet thought proper 


to withhold them from the public, becauſe in 
Muck eters the ſoulr of men being in a manner 


© undrefled, | 
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& undreſſed, they may in that negliget tab be 
| * frto'be ten by one or two in lair; but 
not CCI ſtreets,” * gc MO 
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variety of curious notes and obſervations for "The 
Natural | Hiſtory of Birds and Engliſh | Infefts, in 
4 vols. Ato., publiſhed by Mr. Elazar Albiny. ind 
in 1726 he-publiſhed, after the Author's: death, 
<« Philoſophical Experiments and Obſervations of 
the late eminent Dr. Robert Hooke, | F/R:8:, 
* and Geometry Prof. Greth., and cher dnitlich? 
una e k r | 
The laſt work of Mr. Dertiam's own nga? 
ſition which he gave to the public, was © Chriſto 
« Theology, or a Demonſtration of the Divine 
6 Authority of the Chriſtian Religion ; being the 
gubſtance of a Sermon preached at Bath on 
November 2, 1729, and publiſhed at the earneſt 
* Requeſt of the Auditory, Lond. 1730, 8yo.” 
And in conſequence of the eminent ſervices he 
| had done both to religion and philoſophy, he 
received in the fame year, 1730, the honour of 
a degree of Doctor in Divinity from the en ; 
of Oxford. veto NV. 
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Wies this and worthy man ſpent u lagi 8d uſb 
ful life, in thoſe ſtudies and occupations which do 
moſt honour to human nature, the advancement 
of true religion, and the cultivation of thoſe 
ſciences that moſt intimately connect man with the 
Divine Being, by opening to his view, as far as is 
permitted to finite creatures, the wonderful deſigns 
and moſt benevolent ends of the Creator. Though 
of a ſtrong bodily conſtitution, his health had in 

the latter years of his life Fegun to decline; and 
he died in the 78th year of his age, at nn | 
on the 5th of April 1735. | 


Dr. Derham was married; but of the name or 

condition of his wife, the writer of this account 

has not been able to procure any information It 

appears from the ſhort narrative of his life in the 

 Biographia Britannica, that he left at leaſt one 
fon, Dr. William Derham, who was alive in 1750, 
and Fellow of St. John's College, Oxford, 


In the concluſion of this brief account of the 


fe and writings of this excellent man, it may 
not be deemed impertinent to ſubjoin a few ob- 
| fervations touching that ſpecies of Inquiry which 
forms the fupjeck of his printipal work, the PWV. 
OT 


The 


ol animate and inanimate beings with which it is 


d., WILLIAM DERFAM, 1 
The ſearch of Final Cauſes, or thoſe ends which 


| the great Creator propoſed to himſelf in the form- 
ation of the univerſe, and of the various ſpecies 


filled, has been condemned by certain philoſophers 
on diſtin and ſeparate grounds of IG 
Theſe nay Ve reduced to tires principal Heads, © 


1. The 'poſfibility of tracing deſign from its 
rr Tn he 


2. It b alleged, neue 
ous in man to pretend, that he is able to'diſcover the 


ends of the Saen Bell in the formaticn of 
ee 4 58 e | 
3. Its aflerted, that duch elbe u 


drance to improvement in philoſophy, i Gs 
knowledge of nature. 


The firſt of theſe propoſitions has ben win 
tained by Mr. Hume and his followers; who argue, 
that the inferences of deſign from its effects ate 
neither demonſtrable by reaſoning, nor deducible 
from experience. Dr. Reid, who has moſt ably 
combated Mr. Hume's argument on this ſubject, 
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admits, that the inferences in queſtion! are not 
the reſult of reaſoning or of experience; but he 
maintains at the ſame time, that they may be 
made with a degree of certainty equal to what the 
human mind is able to attain in any inſtance what- 


* ever, The opinions,” ſays a very able philoſo, 


- pher *, © which we ſorm of the talents of other 


„ men; nay, our belief that other men are intel 


«-ligent beings ; are founded on this very infer- 
&-ence of deſign from its effects. Intelligence and 
&« deſign are not objects of our ſenſes, and yet 
ye judge of them every moment from external 
6 conduct and behaviour, with as little heſitation 
* as we. pronqunce on the exiſtence. af what we 


immediately perceive.” In ſhort, our conviction 


of the exiſtence of a deſigning cauſe, when we 
perceive certain regular and conſtant effects, is ſo 


inborn and natural to the mind, that it may be 


claſſed among thoſe intuitive truths that need ng 
argument to demonſtrate them. We ſhould juſtly 
accuſe that man of inſanity, who, on ſeeing a well- 
conſtructed clock, and obſerying how nicely all its 


parts were formed and put together, ſo that no- 


thing appeared ſuperfluous and out of place, nor 
any thing wanting that was neceſſary towards the 1955 


* Me Prof. Stewart, in his Outlines of Moral Philofophy. 
| regularity 


regularity of its motion; on finding, likewiſe, that 
this beautiful machine. anſwered the moſt uſeful? 
purpoſes of pointing out with the utmoſt accu» 


racy the diviſion. of time by hours, minutes, and 


ſeconds, and marked thoſe greater diviſions by 
audible ſounds, ſo as to be equally ſerviceable in 
the night as in the day; we ſhould juſtly, I ſay, 
accuſe that man of abſolute inſanity, who ſhould 


deny that thoſe various complicated parts were 
formed and put together for the very purpoſes 
which we ſee the machine ſo admirably fulfils- 


It is a law of our nature that e ſhauld entertain 
this belief. No man can avoid it. The greateſt 


ſceptic himſelf is irreſiſtibly impreſſed with this be- 
lief, and regulates all his — | 


Fluſions "_ n effect to cauſe. 
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But, * * e i we can in 
no cuſe judge of the wiſdoih of any deſigti unleſb 
ve are firſt made acquainted with the end or d 
ject which the artiſt propoſed to attain; for it'ls 
not till we have obtained that 'acquaintance"thar 


we can form any judgment of the means employed | 


to accompliſh the end. Now all that we perceive 
in the univerſe is, that certain things are actually 
75 accom- 
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| accompliſhed ; but we m——_—_— ee 


— a 


mY anſwer to this bjefion we may obſerve, 
that in many inſtances we perceive with the ut- 
moſt certainty the plan that was propoſed. A 
for example,” we plainly perceive it was the inten- 
tion of the Creator, that every animated being 
once formed ſhould be able to perpetuate its kind, | 
ſo that the univerſe may be coriſtantly "ſupplied 
with inhabitants without the intervention/ of the 


animal. This plan is obvious and certain, becauſe 


we perceive this power of propagation in every in- 
dividual of every ſpecies of the animal kind, unleſs 


it is impaired by diſeaſe or accidental defect. In this 


inſtance we are not left in doubt as to the Creator's 
plan, and we may therefore boldly reaſon as to the 


nounce that this effect is a proof of deſign, and 


that end in all the different ſpecies ; and if we find 
theſe means, however various in the different tribes 
of animals, yet all moſt completely anſwering the 
fame end, and with equal certainty accompliſhing 
one uniform purpoſe, we are compelled to pro · 


that 


Df. WLan Dan. = 
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The bean objeticn-/thas ay r a 
againſt all inquiries into Final cauſes, is, That it is 
preſumptuous and impious in man to endeavour . 
to penetrate into the deſigns of Providence, and 
to ſearch out thoſe ends which He propoſed to 
himſelf in the formation of the univerſe. This ar- 
gument is urged by Deſcartes, who rejects the 
ſpeculation into Final cauſes altogether z and we 


find ſeveral obſervations to the ſame purpoſe is 


ene ta ach i 


i acer a h dg ee 

argument of Mr. Boyle, which appears ſufficient 
completely to overthrow it. It were both prov 
famption and folly for man to-pretend to know 
all the ends that God might have propoſed to hims 


ſelf in the formation of all his works. ut to 


perceive /ome of thoſe ends in certain of his works, 
is ſo far from being preſumptiious, that it would 
be abſolute blindneſs and ſtupidity not to diſcover 
them. As for inſtance, he who confiders the eom- 
plicated ſtructure of the Eye, and how admirably 

092 5 of © 
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it ſerves the purpoſes of viſion, or of conveying 
the knowledge of the figure, ſize, colour, &c. of | 
external objects to the mind, cannot poſſibly en- 


tertain a doubt that it was intended for that pur- 


poſe by the Being who framed it; and it would 
be egregious folly indeed to ſuſpend or to refuſe 
our belief of that end, from the notion of its being 
preſumptuous to find out the counſels of the Deity. 
If a peaſant, ſays Mr. Boyle, were brought into 
the garden of a philoſopher, and ſhould there ob- 
ſerve one of thoſe curious gnomonic inſtruments 
which ſhew at once the place of the Sun' in the 
„ his declination from the equator, the day 
(of the month, the length of the day, &c. it would 
confeſſedly be preſumptuous in him, while both 
unacquainted with mathematics and ignorant of 
che intentions of the artiſt, to pretend to aſcertain 
all the uſes of that elaborate piece of work: but 
obſerving on it the ordinary marks of à ſun - dial, 
and ſeeing that the ſhadow actually pointed to 
the hour of the day, and always indieated it with 
exactnefs, it would be no preſumption even in this 
ignorant peaſant to fay that this, for certain, was 
ene of the e for which the mutet .. 
ed it. 


In 
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In addition to this argument it may be obſerved, 
that although the adoption of /ingular and uncom- 
non opinions may be an evidence of preſumpe 
tion, there can be no preſumption in entertaming 
opinions in which we are warranted and ſupports 
add by the concurring ſentiments of mankind... The 
| . uſes of many of the works of Nature, and more 
particularly of many parts of the animal frame, 
are ſo obvious, that they have been acknowledged | 
by all men in all ages of the world. Even the L 
Epicureans, who ſuppoſed that all things were the 
operation of Chance, were forced to acknowledge 
that Chance had conſtructed the eye with moſt ad- 
mirable fitneſs for the purpoſe. of ſeeing, and the 
ear for hearing, If, therefore, we perceive, thele 
purpoſes as plainly as the Epicureans, and at the 
fame time acknowledge that the objects themſelves 
were the work of an intelligent Artiſt, it ſeems a 
great abſurdity to refuſe to believe that this intel- 
ligent Artiſt intended them to ſerve thoſe uſes and 
purpoſes for which we confeſs them to be fo WON 
derfully adapted. Let us ſuppoſe any perſon ts 
deny that the eye and ear were intended for ſeeing 
and hearing, and to aſſert that they were deſigned 
for other uſes, we ſhould undoubtedly treat that 
man either with ſcorn or pity. But in what reſpect 
| 13 
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| is the abſurdity the leſs, if, while we cannot aſſigi 
any other purpoſes for which thoſe organs can ſerve, | 
but are forced to acknowledge that they ſerve moſt 
admirably for ſeeing and hearing, we ſhould yet he- 
| fitate to affirm that, for certain, they were intended 
to ſerve thoſe uſes ? 


Moreover, it * juſt as unreaſonable to deny 
that the adaptation of things to certain ends and 
uſes, is a proof of deſign and wiſdom in the Crea · 
tor, as it would be to deny that the creation of 
thoſe things is an evidence of His power: The 
creation alone of ſuch an infinite variety of beings 
and ſubſtances, gives certain demonſtration of the 
wonderful power of God j but that power would 
be idly diſplayed; if it wete not exerted to ends 
which we muſt acknowledge to be wiſe and bene⸗ 
ficent. We might indeed fear a Being of ſuch 
infinite power, and fear him perliaps the more 
that we could not perceive his actions to be regu- 
lated by any law of wiſdom, or motive of benevo- 
lence; but we could not reſpect, adore, or love a 
Being of this nature. It is the conviction of the 
perfect wiſdom of the Supreme Being, manifeſted 
in all the works of the creation, and in their fitneſs 
to anſwer certain ends, which we acknowledge to 
| be 


dhan in ſo far as they prevent our inveſtigation into 
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be that entitles this Being 40 _ 
and adoration of his creature. lo O 0 bs 
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With regard to the gd objeftian,. viz. that the 


ſearch after Final cauſes is a hindrance” to improve- 
ment in , and in the knowledge of na- 
ture; this objection ſeems to have ariſen from a 
miſconception of the ſentiments of Lord Bacon in 


that part of his work de Augmentis- Scientiarum, 


where he - treats of Metaphyſics : for Lord Bacon 
no otherwiſe condemns the ſearch into Final cauſes, 


the immediate Phyſical cauſes of phanomena. As 
for inſtance, if one (ſhould aſk what is the cauſe 
of clouds in the atmoſphere? it would no doubt be 

a very lame and unphiloſophical anſwer to ſay, That 
it was to give water to the earth. This indeed is the 
Final cauſe; but no philoſopher of the preſent day 
wonld belt {ikſted erith: this en —_ lng 


h ee e ea animis ; hominum extraxit 20 a Wat] 
eum Dis ĩmmortalibus et opem et gratiam' ſuſtulit.” Tollit id 
| quod maxime proprium eſt. optime et prefiaitiflime Naturia. 
Quid enim eſt melius aut quid præſtantius bonitate et beneſi- 
centia ? qua cum carere Deum vultis, neminem Deo carum— 
neminem ab eo amari, neminem diligi'vultis—Qiod'S ita fit, 
quid veneramur, quid precamur Deos? — Deinde ſi maxime tali 
eſt Deus, ut nulla gratia, nulla hominum caritate teneatur, va- 


leat, Quid enim dicam, propitius ſit? eſſe ænim propitius po · 
reſt nemini.—Cicero de Nat. Deor. lib. i i. cap. 43, 44. 
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remain immediate Phyſical cauſes that may be 2 
ſigned for the phænomenon; as, the heat of the ſun 
raiſing the moiſture from the ſea and earth in the 
form of vapour. It was no doubt a juſt reproach 
to many of the antient philoſophers, that; neglecting 
entirely the inquiry into | the immediate Phyſical 
cauſes; of the phænomena of Nature, they reſted 
_ ſatisfied with aſſigning the ultimate end or Final 

caule of the phænomena. It was Lord Bacon's 
intention to explode that indolent and unſatisfying 
mode of reaſoning, and therefore he was well war- 
ranted to ſay that the ſearch of Final cauſes, as ge- 
nerally employed, was inquiſitio ſterilit, et tanguam 
wirgo Deo conſecrata nihil parit *, But in the man- 
ner that Phyſical ſcience has been cultivated, by the 

moderfis, on the ſolid baſis of induction from ob- 
ſervation and experiment, there is not the ſmalleſt 

4 hazard that the inquiry into Final cauſes ſhould re- 

1 tard our progreſs in the ſearch of Phyſical ones. 

1 Ihe caveat of Lord Bacon was uſeful i in his time; 

i and it has had a moſt beneficial eſſect; for it is to 

5 thoſe admirable methods which he has pointed out 

| that modern Philoſophy i is indebted for its moſt ma- 

10 terial improvements, and . for its moſt u- 
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It excites no ſurpriſe when we obſerve the French 
writers, who are chiefly of the Epicurean ſchool, 
purſuing elaborate inquiries into Nature, with a 
view only to the diſcovery of thoſe ſecondary cauſes 
which account for her phænomena, without the 
{lighteſt regard to that ſupreme Intelligence, who 
has employed thoſe ſecondary cauſes merely as his 
inſtruments in the execution of his infinitely wiſe 
and benevolent, ends. But it is with much con- 
cern we obſerve; that the example of thoſe ſceptical 
writers has been followed, by authois who have 
written with intentions very oppoſite to theirs, but 
who have inadvertently adopted their plan without 
fully diſcerning its purpoſe, Thus Dr. Goldſmith, 
a writer of the beſt intentions, who has compoſed a 
Natural Hiſtory, chiefly from materials furniſhed 
by the French writers, ſets out after their example 
with a. denunciation of the miſchievous conſe- 
quences, reſulting to philoſophy from the ſpecula- 
tion. into Final cauſes; though in the courſe of his 
work the natural bias of his, mind occaſionally ap- 
pPears, in pointing out in ſtrains of the warmeſt elo- 
-quence to our obſervation, thoſe very ends of wiſ- 
dom and of benevolence, whoſe conſideration he had 
before exploded as uſeleſs, and even pernicious to 
the proſecution of ſcience. Thus, in the fourth 

uns 4 2 ä chapter 
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chapter of the firſt volume of his Hifory of the 
Earth and animated Nature, he retails the miſun- 


derſtood remark of Bacon; that ( the inveſtiga- 


&« tion of final cauſes is a barren ſtudy ; and like 
« a virgin dedicated to the Deity brings forth no- 
« thing.” Vet in the laſt chapter of the ſame vo- 
tume he conſiders the univerſe as the palace in 
« which the Deity reſides, and this earth as one 
« of its apartments, allotted to man for his habit. 
«ation and the ſcene of his enjoyments;“ he 
fees the immenſe and ſhapeleſs maſs of matter 
« formed into worlds by the power of the Deity, 
and difperſed at intervals to which even the ima- 
« gination cannot travel.” He diſcerns the earth 


at his command = producing by its twofold mo- 
* tion the change of ſeafons, and the grateful viciſ- 


we ſitudes of day and night.“ He obſerves it 


with a ſteady rotation ſucceſſively preſenting 


« every part of its boſom to the ſun; at once im- 
« bibing nouriſhment and light from that parent of 


« vegetation and fertility.” He remarks ' © the 


« waters on its ſurface ſupplied in healthful abun- 
« dance to ſupport life and aſſiſt vegetation: the 
« mouhitains ariſing to diverſify the proſpect and 
« vive a current to the ſtream : the ſeas extending 


* animals 
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« animals that may be turned to human ſupport, 
* and alſo ſerving to enrich the earth with a ſuſſi- 
4 ciency of vaJour—breezes flying along the ſur- 
e face of the fields to promote health and vegeta- 
„ tion—the coolneſs of the evening that invites 
6 man to his reſt, and the freſhneſs of the morn- 
ing that renews him for his labour.“ Thus this 
moſt eloquent writer, in contempt of that law 
which he had impoſed of baniſhing final cauſes 
entirely from his ſpeculations, unconſciouſly re- 
ſorts to them whenever his ſubject points the way, 
and yields himſelf without reſerve to that emotion 
of gratitude which is felt by every well-conſtituted 
mind to the bountiful Author of all its multiplied 
enjoyments, 


It is curious to remark the Epicureans them- 
| ſelves, who utterly diſclaim a Divine Providence as 
concerned either in the original formation or in 
the government of the univerſe, are yet forced to 
acknowledge through the whole ſyſtem the moſt 
pregnant and uncontrovertible marks of benevo- 
lent deſign. But how do they extricate themſelves . 
from this apparent dilemma? Why, by beſtowing 
even on inſenſate and brute matter that eulogium 
which they withhold from the Divinity, Thus 

„ DE and Pliny, - 
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Pliny, who acknowledged no God as the author of 
all the wonders to which he ſolicits our attention in 
his Natural Hiſtory, indulges a vein of the moſt 
eloquent panegyric on the Benevolence of the Earth 
to man. It is this Earth,” ſays he, that like 
&« a kind mother receives us at our birth, and ſuſ- 
& tains us when born. It is this alone of all the ele- 
& ments around us that is never found an enemy to 


. man. The waters deluge him with rains, oppreſs - 


&. him with hail, and drown him with inundations. 
« The air ruſhes in ſtorms, prepares the tempeſt or 
lights up the thunders; but the Earth, gentle and 
e indulgent, ever ſubſervient to the wants of man, 


„ ſpreads his walks with flowers, and his table with - 


& plenty; returns with intereſt every good com- 
& mitted to her care; and though ſhe produces the 
e poiſon, ſhe (till ſupplies the antidote ; though 
« conſtantly importuned more to furniſh the luxu- 
4 fies of man than his neceſſities, yet even to the 
< laſt ſhe continues her kind indulgence ; and when 
« life is over, ſhe piouſly covers his remains in her 
* boſom ®,” Thus even the Atheiſt plainly diſcerns 
in the ſyſtem of Nature the traces of benevolent 
deſign; but, inſanientis ſapientie conſultus, proficient 
only in wo On e is ahe pride of wy he 
$7 
a ru. Hiſt, Nat. lib. ii. cap. 64. | 
attributes 
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attributes that deſign and that benevolence to a ſub- 
ſtance incapable itſelf of thought or purpoſe of any | 7 25 
kind, and ſtupidly transfers the praiſe due to the 4 
Creator, to the inert, an and unconſcious | 
a Haar ws 4 twodiiy as 
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With the, true philoſopher , the. reſearch _ into , , 
Phyſical cauſes and Final ones will ever go band in 
hand; and indeed in moſt ſciences there would be 
a very great bar to improvement, if we were to at- 
tempt to ſeparate them. Let the ſcience of Anato- 
my be taken as an example. We ſtudy the ſtruc-, 
ture of the different parts of the human body, with - 

a conſtant view to the functions which thoſe parts 

are intended to ſerve; nay the very end of the 
| ſtudy is in order that we may be able to corre& any 

fault or unſitneſs of the organs, and to reſtore them 

to that healthful tone which i is neceſſary for the right 
performance of their functions. We anatomiſe the 

eye, and examine its different tunicles and coats, *. 

that we may be enabled to find a cure for imperfect 3 
viſion, or for abſolute blindneſs. We examine | 

the ſtructure of the ſtomach and bowels, that we 

may well underſtand what ſtate of theſe organs is 

beſt fitted for perfect digeſtion and conyerſion of 

the aliment into chyle and blood, and know how 

to | reltore that ſtate when impaired by accidental 
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injury, or vitiated by diſeaſe.” In ſhort, it may be 
confidently affirmed, that in this ſcience, which is 
nothing more than the perfect knowledge of che 
animal machine, we could no more advance a ſingle 
ſtep without having in our view the proper func- 
tions of the ſeveral parts of that machine, than we 
could ſtudy the art of elock- making without having 
it in our view that all the parts of the machine 
were intended to operate towards one ultimate or 
final purpoſe, the regular diviſion of time by hours, 
minutes, and ſeconds. In like manner there is ſo 
neceſſary a connection between the ſcience of Me- 
dicine and Final cauſes, that they may be conſidered 
as abſolutely inſeparable; and it may be affirmed 
in general, that in the ſtudy of all thoſe ſciences 
which have for their object the knowledge of na- 
ture, the ſearch of Final cauſes, or of thoſe wiſe 
ends propoſed by the Author of Nature, is altoge- 
ther as neceſſary, as an attention to the views and 
purpoſes of man is neceſſary i in ſtudying thoſe arts 
which are dependent on human wiſdom and kill ; 
as for example, 7 ſhip- building, the con · 
ſtruction of machines, &e. 


Laſtly, it may be obſerved that the greateſt phi- 
loſophers, far from excluding from their ſpecular 
| | tions 
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dons the reſearch into Final cauſes, have recom - 
mended that reſearch' as the greateſt incentive to 
the proſecution of ſcience, and as being eminently 
ſerviceable in guiding or conducting our inquiries, 
With regard to the former of theſe purpoſes, what 

motive can be more worthy of an intelligent being, 

what end more animating to his reſearches, than the 
earneſt defirs of tracing out the footſteps of Al- 
mighty goodneſs ; of exploring thoſe characters of 
infinitely wiſe deſign, which to a certain degree are 
obvious, even to the moſt ſuperficial obſerver, but 
of whoſe univerſality, extent, and wonderful con- 
nection, through the whole of this viſible ſyſtem of 
nature, the philoſopher alone can form an adequate 
comprehenſion? With reſpect to the latter pur- 
poſe, the guiding or conducting our inquiries; Mr. 
Boyle has recorded a very ſtriking teſtimony of the 
utility of ſuch ſpeculations. © I remember, fays 
he, © that when I aſked our famous Harvey what 
« were the things that induced him to think of a 
“circulation of the blood ? he anſwered me, that 
“ when he took notice that the valves in the veins 
in ſo many parts of the body were ſo placed, that 
they gave a free paſſage of the blood towards the 
heart, but oppoſed the paſſage of the venal blood 
the contrary way, he was invited t imagins 
> that 


* 
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e that ſo provident a cauſe as Nature had not 
& placed ſo many valves without deſign ; and no 
% deſign ſeemed more probable than that, ſince 
4 the blood could not well, becauſe of the inter- 
« poſing valves, be ſent by the veins to the limbs, 
« jr ſhould be ſent through the arteries, and return 
e through the veins, whoſe valves did not oppoſe. 
« its courſe that way.” Thus the conſideration of 


the Final cauſe actually led to the diſcovery of the 


een truth. 


Another beautiful example of the utility of at- 
tending to Final cauſes in the proſecution of ſcience, 
is to be found in the Elementa Catoptrice & Diop- 
trice Spharice of the celebrated David Gregory, Sa- 
villian Profeſſor of Aſtronomy at Oxford. In the 
end of this treatiſe is an obſervation which ſhews 
that what is generally believed to be a diſcovery of 
a much later date, 'the conſtruction of achromatic 
teleſcopes, which was firſt actually put in practice 
by Mr. Dollond, and has ſince been brought to 
great perfection by that ingenious artiſt, and by Mr. 


.- Ramſden, had ſuggeſted itſelf to the mind of David 


Gregory, © from the reflection on the admirable 
« contrivance of Nature, who does nothing without 
* an uſeful purpoſe, in combining the different 

5 „ humours 


* 
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% humours of the eye. « Qued „g ab difficultatei | 
& phyficar in ſpeculis idoneis torno elaborandis et po- 
„ [jendis, etiamnum lentibus uti oporteat, fortaſſis me- 

&« dia diverſæ denſitatis ad lentem objectivam compo- 
& nendam adhibere utile feret, ut a natura factum 
* obſervamus in oculi fabrica, ubi chriſtallinus humor 
« (fere ejuſdem cum vitro virtutis ad radios lucis = 
* refringendos_) aqueo et vitreo ( aquæ quoad refrace 

© tionem haud abſimilibus_) conjungitur, ad imaginem 

„ quam diſtinctè fieri poterit, a Natura nihil fruſtra 

„ moliente, in oculi funds depingendam “. But 
& if, on account of the phyſical difficulties which 

« we meet with in turning and poliſhing the larger 
« ſpecula of teleſcopes, we are forced ſtill to make 
„ uſe of lenſes, it might perhaps be of advantage, 
& in framing the object- glaſſes of our teleſcopes, to 8 ; 
* employ the combination of media of different 

« denſity; as we obſerve is done by Nature in the 

1 = of the eye; in which the chryſtalline 


* humoyr, poſſeſſing nearly the ſame refracting 
% power with glaſs, is conjoined with the aqueous 
and vitreous humours, which have a refracting 
% power ſimilar to water; a combination, which 


17 3. 


3 Ny ena eee Elem, Oxod. 1695, p. 98. 
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who overlooks theſe, contenting himſelf with the 
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« Nature, who does nothing in vain, has found to 
5 be the fitteſt for painting with the greateſt poſ- | 
« ſible diſtinQneſs nnn re. 
: 


en 4. whale rocks of /the Eat 


Newton, we perceive a conſtant attention to Final 


cauſes, or to the great purpoſes of the Deity. It 
was the firm opinion of this moſt eminent philoſo- 
pher, that as we are every where encountered in our 
reſearches by powers and effects which are unac- 


countable upon any principles of mere mechaniſm, 
or the combinations of matter and motion, we mult 


for ever reſort to a ſupreme power, whoſe influence 
extends over all Nature, and who accompliſhes the 
wiſeſt and moſt benevolent ends by the beſt poſſible 
means. Of his ſentiments on this ſubject, his ex- 
cellent abridger and commentator, Mr. Maclaurin, 
gives the following brief detail, with 3 we ſhall 
cloſe the RR: 

/ rj 
„ There is nothing we meet with more fre» 
« quently and conſtantly in Nature, than the traces 
* of an all- governing Deity. And the philoſopher 


6 appearances of the material univerſe only, and the 
ev eee 


bn Wüktam Düül m m 
« mechanical laws of motion, neglects what is moſt 


| « excellent; and prefers what is imperfect to what | 


© is ſupremely perfect, finitude to infinity, what is 
narrow and weak to what is unlimited and al- 
mighty, and what is periſhirig'to what endures 
2 « for ever. Such who attend not to ſo manifeſt - 


indications of | ſupreme wiſdom and goodneſs, 


. turn their views or inquiries,” too much reſemble 
« thoſe antient philoſophers who made Night, Mat- 
* ters and Chine, the I . 

Abe pin . 
a „ Deity, obvious to all, and carrying irreſiſtible 
conviction with it, is from the evident contri- 
« vance and fitneſs of things for one another, 
which we meet with throughout all parts of the 
4 univerſe. There is no need of nice or ſubtle 
+ .reaſonings in this matter: a manifeſt contrivance 


immediately ſuggeſts a contriver· It ſtrikes us 


Ake a ſenſation; and artful reaſonings againſt it i 
may puzale us, but it is without ſhaking our be- 
„lief. No perſon, for example, who knows the 


principles of Optics, and the ſtructure of the eye, 


5 can believe that it was formed without hill in 
2 or . 
u 


f 
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& out the knowledge of ſounds ; or that the male 
& and female of animals were not formed for each 
« other, and for continuing the ſpecies, - All our 


| 6 accounts of Nature are full of inſtances of this 
kind. The admirable and beautiful ſtructure of 


things for Final cauſes, exalts our idea of the Con- 


« One. The great motions in the ſyſtem performed 
& with the ſame facility as the leaſt, ſuggeſt his Al. 
« mighty Power, Which gave motion to the earth 


* and the celeſtial bodies, with equal eaſe as to the 


“ minuteſt particles. The ſubtilty of the motions 
«ard actions in the internal parts of bodies, ſhews 
6 that bis influence penetrates the inmoſt receſſes of 
5 things, and that He is equally active and preſent 


every where. The ſimplicity of the laws that 
«prevail in the world, the excellent diſpoſition of 


things, in order to obtain the beſt ends, and the 
6 beauty which adorns the works of Nature, far 


s ſuperior to any thing in art, ſuggeſt his conſum- 


« mate Wi/dom. ' The uſefulneſs of the whole 
«ſcheme, ſo well contrived for the intelligent 
6 beings that enjoy it, with the internal diſpoſition 


and moral ſtructure of thoſe beings themſelves, 
« ſhew his unbounded Goadng6, Theſe are the 


men, which are nen open to the views 
« and 
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.& and capacities of the unlearned, while at the-ſame - 
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on the ſubject of Final cauſes: and we cannot fail 
to remark that the preceding detail of thoſe ſenti- 
ments by Mr. Maclaurin, is in fact a brief but com- 
plete delineation of Mr. Derham's views in his 
principal works, the Myon: and. bebe 
ee 
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| "With reſpea to this new Edition of * Phyſico- | 
Theology now offered to the Public, it may be pro- 
per! here to add a few words, The ſole motive to 
this undertaking, on the part of the Editor, was an | 
earneſt deſire to extend the benefit and utllity of this 
admirable work to all claſſes of readers, by opening | 
to their view, what is in reality the moſt intereſting 
as well as amuſing part of the bock, thoſe copious 
ſtores of phyſical knowledge, (he facts and obſerva- 
tions contained in : the notes to this work. Separated 
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indeed from the notes, the text of the rhyteo · 
Theology is nothing elſe than a detail of doctrines 1 
„without their proofs; which the reader muſt con- 
tent himſelf with receiving on the bare authority of 
their announcer. This, however, was by no means 
the intention of the author; for in reality he has 
ſupported every obſervation which he advances in 
the text, by ample proofs and illuſtrations contained 
in the notes. As theſe, however, conſiſt in great 
part of quotations from Latin and Greek authors, 
the unlearned reader is totally excluded. from all 
the benefit of the proofs and illuſtrations drawn . 
from their works. It appeared therefore to the. 
Editor, that a faithful tranſlation of thoſe quota». ' 
tions in the learned languages could not fail to 
be acceptable, not only to ſuch readers as are 
entirely i ignorant of thoſe languages, but even to 
thoſe who, though moderately {killed in them, are 
not verſant in the technical and ſcientific phraſe- 
ology uſed by the Latin and Greek writers. An- 
other obvious mean of extending the utility of this 
excellent work was, to ſubjoin a ſhort notice of all 
| the moſt important diſcoveries that have been made 
4H in Phyſics ſince the time of Mr. Derham ; as well 
| as of ſuch curious facts as have recently come to 
knowledge, and which tend to confirm” the chief 
hav 7 — 
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doctrines, or to throw additional light on the prin- 
cipal topics of the author's inquiry. This there- 
fore the Editor has attempted in the additional 
Notes, which are pretty numerous and ample : and 
he has likewiſe ſupplied what was confeſſedly a moſt 
material want in all former editions, ſeveral Plates, to 
illuſtrate thoſe ſubjects which are imperfectly un- 
derſtood by verbal deſcription alone. If in all, or 
in any of theſe reſpects, this new edition of the 
Phyſico-Theology ſhall be deemed worthy of the 
attention of the Public, the Editor is well rewarded, 
in the pleaſing conſciouſneſs of having contributed 
his aid to the advancement of thoſe noble pur- 
poſes of i its pious Author, who, 
— co the height of this great argument, 


Sought to aſſert Eternal Providence, 
And juſtify the ways of God-to man! 
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P HY$1C0-TREOLOGT, or a Demonſtration of the Being 
and Attributes of God, from his Works of Creation. 
Lond. 1713. 
 Aftro-Theohgy, or a Demonſtration of the Being and 

Attributes of God, from a Survey of the Heavens. Illuſ- 
trated with Copperplates. 8vo. 1714. 

Cdriſto- Tbealegy, or a Demonſtration of the Divine Au- 
thority of the Chriſtian Religion; being the Subſtance of 
a Sermon preached at Bath, 24 November 1729. ' 
The Artificial Clock-Maker, a Treatiſe of Watch and 
Clock Work; ſhewing to the meaneſt Capacities the Art 
of calculating Numbers to all Sorts of Movements, & c.; 
with the ancient and modern Hiſtory of Clock-Work, and 
many Inſtruments, Tables, and other Matters, &c. This 
was re-publiſhed with large Emendations in 1734. - 
Notes and Obſervations ſubjoined to the Natural Hiſ- 
tory of Birds and Engliſh Inſecte; wn. 
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Papers in the Philoſophical Tranſactions, vix. 

1. Part of a Letter dated Dec. 6, 1697, giving an Ac- 
eount of ſome Experiments about the Height of the Mer» 
cury in the Barometer, at Top and Bottom of the Monu- 

ment in London; and a Deſcription of a portable Baro- 
meter. Phil. Tran, No, 236. p. 2, &c. , 
2. A Letter dated January 13, 1697-8, about a Con- 
trivance to meaſure the Height of the Mercury of the Ba- 
rometer, by a Circle on one of the Weather Plates: with 
a Regiſter or Diary of the Weather, obſerved every Day 
at Upminſter, during the Year 1697, Ibid. No. 237. 
p-. 45+ 
3. A Letter to Dr. Sloane, with a Regiſter of the 
Weather, Winds, Barometer's Height, and Quantity of 
Rain falling at Upminſter in Eſſex, during the Year 1698, 
Ibid, No. 249. p. 45, Ke. 

4. A Regiſter of the Weather, &c. as above, for the 
Yepr 1699. Ibid, No. 262. p. $27. 

5, Obſervations on the Death-Watch; or - that Inſect 

. which makes a Noiſe like the Beats of a Watt. Ibid, 
No. 71. p. 832. 

6. Obſervations on the Weather, Rain, Winds, Kc. 
ſor 1699, 1700, 1701, 1792, compared with other Ob- 
ſervations made at Townley in Lancaſhire by Mr. Town- 
ley, and communicated -to Mr, Derham. Ibid, No. 286. 

ye Fo 

5 f An Account of ſome Spots obſerved in the Sun 1 in 
de 1703. Ibid. No. 288. p. 1504. 

8. Obſervations on the great Storm, November 26, 
3 Ibid. No. 289. p. 1530. 1 

9. The Hiſtory of Leg Death-Watch, _ No. 1 
p- 1586, 

10, Account of an lutroment for finding the Meri- 

dian, with a Deſcription of the ſame. 1d. Ne. 291. 
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Upminſter, January 12, ity 712 Fe No. 336. 
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4 — a Woman big with Child; wind mae the 
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at Zurich in Switzerland: and of the Rain at Piſa in 
Italy, and Zurich, and Upminſter, for 19507, 1708; 
with Remarks on the an . and Cold, 44. Ibid. 
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22. Extracts from Mr. Gaſcoigne's and Mr, Crabtrie's 
Letters, proving Mr. Gaſcoigne to have been the Inventor 
of the "Teleſcopic Sights of Mathematical Inſtruments, 
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their Sexes, Ibid. No. 382. p. 53. 
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37. A Letter to Sir Hans Sloane, R. 8. Pr. Contain- 
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38. Of the Meteor called Ignis Fatuus, (Will of the 
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Terraqueous globe itſelf, of which I take a 


view in general of | 1.0.77 
10 ſpherical figure, which io the moſt commodi- 
ous in regard of ; 
Light ” — or EN ne \ — 62 
Heat, 
Lodgment of the waters. 


The wikdds ol 10. -» . - 
Its bulk 2 — 1 - ” 2 65 
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Its moti on FE [ is , * F 1 } "_ 656 
inn eee 0 
Diurnal. | 


1s place and diſtance bun che fun and other 


heavenly bodies „2 78 

Its diſtribution, ſo as to _ all the. parts of the 
non ; 446 Jo Dying | 
» _ Balance each other 35 „W111 
of Be helpful to one another, 5 

The great variety and quantity of all ding forv- 
it: forfood; phyfic, building, and every uſe 
5 and occaſion of all ages, places, ha pw 
| of Se? tures . A 1111 5 82 


An objection anſwered 3 ro 8 


- Particular of the earth; of ite Fils) ods 15 ' : 
: Conſtituent parts, as. Sato air" 


_ and moulds, neceſſary to the e 


14 


owth of yarious vegetables 
04,95. man, and other 
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a i ſtrata or beds, afording materials for | 
3 525 * cre 12 & port t 4) n 4 

Irin ö 2 2 '1 | 


Dying wed thouſands 8 z 12 8 ia 105 
Conveyance of the ſweet fountain-waters. _» + 
Subterraneous caverns and volcanoes of great uſe 
to the countries, where they are 109 
Mountains and valleys, which are not rude ruins, 
but works of deſign, inaſmuch as _ ſtruc- 


ture of the earth is 


The moſt beautiful and pleaſant. 

The moſt ſalubrious: to ſome conſtitutions, the 
f hills; to ſome, the valleys s - 100 | 
: Beſt to ſkreen us, and other things . - 118 
Beneficial to the | h 
3 Production of various vegetables. 


Harbour and maintenance of various animals — 119 
Generation of minerals and metals — — 121 


» Abſolutely neceſſary to the conveyance of the 
rivers; and in all f to * origin 


FF of fountains . 4) 122 
_ "Concluſion againſt blaming God I - 129 
5 inhabitants; which are pee bal or 
inſenſitive. yy 
Concerning the tat ws 


Senſitive, ſome things are 
Common to all the tribes, particularly theſe ten: 
I. The five ſenſes, and their organs 133 


The eye, an admirable pte: of mechaniſm in r. 
gard of 4ts 
orm, for the moſt part ſpherical, which is 
The reception of objefs 8 
e reception of obj TG 
| Motion of the eye | =_ . - 141 
: Situation 


"IT 


bl 


4 


« } = 
— 


5 
, 


£2 5 


„4 
\ Situation in the .moſt commodious part of the 
Body of every creature LO 142 
Motion, in ſome animals - MO 1s 143 
Every way. oY 
Fixed ; and the excellent proviſion 1 | 
e. caſe bas NY 44 
Size:; which bs 1 | - 
All creatures, N to 3 e 
Such as live abroad in the light, larg Jer. 2. 
Such as live under ground, En. * 
3 in ſome animals: . 4 
Dr 147 
More: together with the wiſe proviſion to 
prevent double viſion, _ in 
| ups ſome of which are viewed Noir 
FTrunũently, the arteries; veins, and fome of) 
the mu 3 and tunics. * 
More geh ſome of the ; 
Muſcles, and the excellent bene made 
ſor their 1 wow ry wr" 
Cs .. > SER 
Tunies: among which the various: aper- : 
tures, forms, and poſitions of p ' 
0 are particularly note 154 
Humoure, eſpecially the rodi ;ginus ; | 
neſs and compoſition of the e e, | 
according to Mr. Lewenhoech 158 
Nerves ' > — — - — 163 
ard, | 
4 v oto | { a 86 , 
Guard and ſecurity, vided for by 
The reparation of the aqueous humoar. © 
Covering of the eye-lids. | p 
Strong and curious bones. 130 
Hard and ſirm tunics. 
Withdrawing them into to their heads - 170 
Hen erect — - - 172 
* ws ear | 174 
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uble, enabling uito hear every, ways and a 
good proviſion for the loſs or hurt of one. 


Situated in he very beſt place for information, 


ſecurity, and near the eye and brain. 
The fabric of the y 
| Outward ear, which is in 


THE FOLLOWING WOR k. levi 


All creatures farmed, guarded, . 
and every . Ae accor 
their various places and occaſions 

Man ſuitable to his ere poſture ; and all 
its parts, the helix, tragus, conc ha, '&c. 
admirably ſuited" to the e reception and 


melioration e mn f 


ot the part 
Laward ear: in which 1 take a view of the 


Audito e, curio tunnelled, 
2 n 1 being al- 
ways open, is lined with the | 
.__car-wax for a | 
Tuba Euftachi | 


Bone, — enn 


guard, and to aft the ſound. 
Wu 7 20s) pag — 1 
our little bones to to 
all kinds of ſound . 
Labyrinth, ſemicircular canals, cochlen; 
— with the utmoſt art 
Auditory nerves, one of which is ramified 
do the eye, tongue, muſcles of the ear, 
and to the 
pathy between thoſe | 
Object, ſound. Under which l 
he improvements thereof by the wit of man 
Its great neceſſity, and excellent uſes - + 
Its pleaſure, and the power of muſic -  « 
w I 1n hae ſenſe theſe things are remark- 
le, th 


Noſtrila, 1 open, onrtilaginous, and endowed 
with muſcles ©- 
8 thay BE. | 1 5 95 
rd a noxious things - 
The ſpreading of the A ef nerves 
Prodigious 1 of it in all cally ſome of the 
| tion 
Taſte, The haps maſt remarkable i in ich ſcſe 
Are, the 
| Neves ſpread about the toi my e with 
© © their guard . 
The papillæ, neatly malle 
"I thereof to be a centinel to the fomach 
and food. 


heart 3 | 
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. Conſent thereof with the other ſenſes, by ſome 

branches of the fifth pair - = - 
Feeling = * - 3 BY - 9 
- Whoſe organ is the nerves - + 


Which is diſperſed through every part of the 
body, 1 the admirable benefit thereof. 


II. Reſpiration the grand act of animal life 


Miniſtering to the circulation of the blood and di- 
; aſtole of the heart. 
The parts concerned therein are 
The larynx, with its great variety of muſcles, 
c. for reſpiration, and forming the voice 
Trachea and epiglottis, exquiſitely contrived and 
mad - 


0 4 2 ” * - 
Bronchi and lungs, with their curious arteries, 


veins, and nerves = - . - 
Ribs, diaphragm, and the ſeveral muſcles con- 
cerned - - - . = — - 
Its defects in th | 
Featus in the womb a a 4 
Amphibious creatures - 1 


Some animals in winter Os ” 
III. The motion of animals: concerning which I 


' conſider | 
Tranſiently the "2: 
Muſcles, and their ſtructure, their ſize, ing 
to the joints, motions, c. "OE EC” 
Bones, and their curious make 


oints, with their form, bandage, and lubricity 
_ and their origin, waner 24 x 5-4 and in- 
»ofculations 3 


More particularly the locomotive ut itſell, which 3 


Swift or ſlow, with wings, legs many or few, or 
none at all, according to Ne various occaſions 
and ways of animals” lives. As particularly in 

pens, whoſe food and habitation is near at 
n 
Man and quadrupeds, whoſe occaſions require a 
— . larger range, and therefore a ſwifter motion - 

Birds and inſets, whoſe food, habitation, and 
lafety require yet a larger range, and have ac- 
cordingly a yet {witter motion and direct con- 
Veyance. | 


Geometrically 
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Geometrclly and neatly performed by the niceſt YL 
Well ded for by tljhe 
— 8 of the body 1 > 247 
tive parts being accurate laced 
? With deltre 6 the bod 22 r ud 7 
Gu they * of weigh and ex- 
IV. The place allotted to the enn tribes of ani- 
mils to live and act in — 230 
Concerning which I obſerve n * 5 5 % 
Their or ns are adapted to t eir e 2 
All places? habitable are duly flocked. : ”y 
Various animals have their various N and 4. 
woiſdom thereof - — 257 
V. The balance of animals' munbers ſo that the. - 
world is not p 
Overſtocked by their increaſe. _ * 5 
Depopulated by their death. 22 
Which is effected in 


The — * vides of axial by x as propanion | 


Length of their life - '« « 3239 
Number of their young, in F, 
Uſeful creatures being many. 
* Pernicious ous. by the 
an very remar - 
Different length of his life | | 
Soon after the creation 260 
When, the world was ons but not fully 


peopled 
When it was ſufficiently ſtocked, down to the 


. aps, = 4 x 
ue rtions or m 2 
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VI. The food of animals. In which the Divine 
management and Providence appears in the I 


Maintaining ſuch large numhers of all kinds of ani- 
mals on the land, in the ſeas, and divers places 
too unlikely to afford ſufficient food. 
Adjuſtment of the quantity of food to the number 
of devourers, ſo that 
There is not too much, ſo as to rot, and annoy 
„ TS - © 
The moſt uſeful is the moſt plentiful, and 
A eaſieſt propagated - - — — - ibid. 
Delight which the various tribes of animals have to 
the varieties of food, ſo that what is grateful to 
one, is nauſeous to another; which is a wiſe 
means to cauſe | 
All creatures to be ſufficiently ſupplied. 
All ſorts of food to be conſumed. 
The world to be kept ſweet and clean by thoſe 


Page 


b means , @ wo - - - - — 6 
Peculiar food, that particular places afford to the 
creatures reſiding therein 7 


Curious apparatus in all animals for gathering, and 
digellion of their food, vis. the” R. 
Mouth, nicely ſhaped for food, c. In 
Some, little and narro 135 
Some, with a large deep ineiſure. 
Inſects very notable to catch, hold, and de- 
your prey; to carry burdens, to bore, and 
build their habitations 16 
Birds as notable, horned in all. In ſome 
Hooked for rapine, elimbing, &c. — 19 
Sharp and ſtrong to pierce trees, Cc. 
Long and ſlender to grope. 
Long and broad to quaffer. 
Thick and ſharp edged to huſk grain. 
- Compreſſed to Faiſe lim 3, Ce. 
Teeth, which are peculiarly hard, firmly inſerted 
in the jaws, variouſly ſhaped in the ſame, and 
different 
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a animals, deficient i in young creatures 


S4 glands, commodiouſly placed for maltica- 
tion and deglutition 

Muſcles and tendons, ſerving w maſtication, 
ſtrong and well lodged. 

Gullet, ſized according to the * _ _ 
ous fibres, c. - 

"Stomach z_ + 

Which hath a den chain of "fibres, 
tunics, glands, nerves, arteries, and veins. 


Whoſe faculty of digeſtion by ſuch ſeeming 


weak menſtruums is admirable. 
Whoſe ſize and ftrength is conformable to the 
nature of the food, or occafioris of animals 
Which is in 
Tame animals but one. 
- Ruminants, birds, Sc. more — 
Guts, whoſe tunics, glands, fibres, 5050 and 
periſtaltic motion deſerve admiration 3 - 
' LaReals, together with the impre 
the pancreas, gall, glands, and —— 
9 all animals E Sndig out) and provid- 
In 


Man ker remarkable for the ſake 2 his underſtand- 


- - * 


1 * In ſuch as are 


Come to mature age, and are able to help them- 
ſelves, by. their 
Accurate ſmell - e - 
unting an ing out 0 it - — 
— * ſmelling 8 great diſtances 
Climbing; the trong tendons and muſcles acting 
therein. 
Seeing in the dark, 
Helple As | 2 
Young creatures . - 
Man, born the moſt helpleſs of an , the 
reaſon, hands, and affection afficing, 
Irrationals : for whoſe young the Creator hath 
made a ſufficient proviſion, partly by the 


Parent-animals own 
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ANALY818 of. 
ity and care in repoſiting their eggs 


and young, where food and all neceſlaries 


are to be ound * ag * - * 
Ability of the young themſelves to ſhift for, 
and help * with the little helps 
of their dame - » 5 
Creatures deſtitute of food at ſame ſeaſons, or likely 

to _ it, _ ; £S 9 
re able to live long without » 5 

5 | na up food 22 
VII. The clothing of animals, which is - + 
| Suited to 8 and occaſions of all. In 


Man it is left to his own reaſon and art, joined 
with ſufficient materials: which is beſt for 


him. 
Becauſe he may ſuit his clothing to his quality 
7 and buſineſs - - — 
For perſpiration and health ſake. 
To exerciſe his art and induſtry, 


To excite his diligence in keeping himſelf 


ſweet and clean. 
In being the parent of divers callings = » 
Irrationals: who are either 
Ready furniſhed with proper clothing, 
On the dry land with hair, fleeces, furs, ſhells, 
IS hard ſkins, tc, - " - - 
In the air with feathers, light, ſtrong, and 


warm - - . - 
In the waters with ſcales, hard for d 
ſmooth for paſſage ; or with ſtrong ſhells 
| rd ſuch as move more ſlowly «» 
Provide for themſelves by their textrine, or ar- 
chitechtonic art. Of which under the next 
FS amr * K 
rniſhed, bein workman-hke, complete, 
in ite kind beautiful, being 


; 
to 4 


51 
56 


Adorned with gay, various, and elegant colours. ibid, 


If ſordid, yet with exact ſymmetry, and full of 


curious mechani 


Vin. The houſes and habitations of « 72 
as, who is 1 . with 
ntrivance and art to build and garniſh his ha- 
bitations . "i 


* 
"a 
* + 6 


IX. Animals ſelf- preſervation - 


nE ro LO WIN wonk. lili 
| 2 ; P 
 Materkils of all forts to effet his works „ 73 
we a" whoſe marvellous inſtin& i is manifeſted 


. of their neſts and kabitations for the 

 Hatching and education of their young - 765 
Guard and defence of themſelves and their young. 

Fabric of their neſts, ſcarce imitable by man, and 
ſhewn by their contrivance and make, being ex- 
actly ſuitable to their occaſions, and made 


N only a few ugly ſticks, moſs, des Sc. to- 
Bate combs according to the beſt rules of ms- 


thematics. 

Weaving webs, and making caſes. For which ſer- 
vice He parts of their bodies, and re 
forded by them, are very co 


For which there is always a guard in W 
to the dangers and occaſions of their ſtate. 


Which is obſervable in 
Man, whoſe reaſon and art ſupplies the defedt 


of natural armature, 
Irrational creatures: who 
As * are on one hand ſufficien tly guarded by 


Shells, horns, claws, ſtings, fe. FI by 95 pag, 


Changing their colours, \ 
Win g, feet, and ſwiftneſs, 2 — 97 
Diving in, and tinging the waters, 


Ejecting juices out of their body, - 98 


Accurate ſmell, light, : and ens 8 
Natural craft N 99 
Wa noiſe, ugly geſticulations, and hor 

ri ; 
Horrible ſtink and excrements z 109 


$0 on the other hand can by their firen 
city, or natural artifices entrap ag 


vate what f a and 
be aan or der ood 


X. Animals generation. . 107 
Equivocal, i is denied *''s * - * *, ibid. 
Univocal, which of 2 

f 2 | Man 
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Man is nf,, , paſſed wholly bf 
Irrational creatures, which is remarkable for 
their | | | 
Sagacity in chooſing the fitteſt place for their 
eggs and young: where it is obſervable 
What a | 
Complete order they obſerve. 
Neat apparatus their bodies are provided with 
i for this purpoſe — — - 114 


Natural venom they inje& with their eggs into 
vegetables to pervert nature, and produce 
e FT r 
Making uſe of the fitteſt ſeaſons, either 
| . All ſeaſon ns 2 „ 118 
i / | When proviſions are moſt plentiful and cafieſt had. 
| Due number of young . - 119 
| Diligence and concern for their young, in point of 
| Incubation $ * - — m G65 — 121 
| Safety.and defence + - - — 1388 
Faculty of nurſing their youn 
Suckling — In which 1 — 


How ſuitable this food is. 
How willingly parted with by all, even the moſt 


ſavage. 1 
Wbat a complete apparatus in all creatures of 

dugs, Oe. % 
Putting food in their mouths, with their pro | 
parts for catching and conveying food - 127 
Neither way, but by laying in proviſions before- 

hand . - - - - 128 


Having in the Fourth Book thus diſpatched 
| fo the decad of things in common to the ſenſitiuve 
wo. creatures, I take a view of their particular tribes, 
| wiz, of 
Man; whom I conſider with relation to his 
ee eee e 2 840 
Concerning which, having curſorily mentioned di- 
vers things, I inſiſt upon two ag ſhewing an 
eſpecial Pivine management, the | 


1 


Various 
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Various -genii, or inclinations of men, which is 
2 wiſe proviſion for the diſpatch of all the 
world's affairs, and that they * * per- 
formed with * at 143 
Inventive faculty - - 1.3 „ 145 
* — —— it is — — that 
is ſo large, extending to all thin ings 
© uſe, ad occaining fo many fre ; n 380 


Thing ; of greateſt neceſſity and uſe were ſoon 

eaſily found out; bat things leſs uſeful 

— and dangerous things not yet. Here of 

divers particular inventions, with an —_—_ 
ation to exerciſe and improve our 

ny remarked 


Body. In which the yy 
upon are the | 

Erect poſture - - - 1 166 

The moſt convenient for a rational being. * 


Manifeſtly intended, as appears from the ſtrue- | | 
TM ture of ſome parycylan parts mentioned. 170 


0 


Nice ſtructure o arts miniſtering thereto. : 
| 1 of all Icke parts 2 298 
Figure and ſtiape of man's ddd n agreeable 
to his pl buſineſs - 174 
Stature and ſize, which SI the beſt * EY 
- flate - + bas 423:0928 -- ugi 
Structure of the parts & #8." 29... » $88 
Which are J 7 

Without botches and blunders. 

Of due ftrength. | | 

Of the beſt form. 

Moſt accurately recommodated to their prope 
N of th 8 

ent - 2 1 

— Ace ä UF - | : 

Five ſenſes. 

Hand - — - - 188 

Legs and Feet. 

Heart. 892 ä ww 

Viſcera - . - 190 

- Several bones and muſcles, We. Bid. ND 
| _ Covering of all with the ſkin © «= + — 191 8 

Proviſion in man's body to | 
- Prevent evils by the 


f 3 Situation 
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' Situation of the * ears, tongue, and hand 
rote afforded all, eſpecially the F 


D of ſome parts. 
Cure of evils by means of 
Proper emunctories . 
| | | Diſeaſes themſelves mak ing liſcharges of 
| . _, | things more dangerous = 
Pain giving warning, and exciting our en- 


Conſent of-vh the: parts, effected by the nerves, a 
| _  Jample, whereof is given in the fifth pair, 
=) . branched to the eye, ear, Cc. 

Political, ſociable ſtate, For the . and 


þ ſecurity of which the Creator taken care 
| by variety of men's 

. Faces S.- — — — - 
[ Voices. | | | 

N Hand-writing. 


wWherein they differ from man, viz. 
| Prone poſture, which is conſiderable for 


The parts miniſtering to it, eſpecially the legs and 


Feet, ſized and made in ſome for 
. - Strength and low motion - 91's 
Agility and ſwiftneſs, | | 
Walking and running. 


Walking and ſwimming. 


Wes and flying. ab I 


and digging. 
rr Bs the p 


Traverſ ng ice, mountains, oe. + Fe 


Its uſcfulnels to. | 
Gather food - | - - - 
Catch prey. | 
Climb, leap, and "MAY 
Guard themſelves. 
Carry burdens, till the ground, and other uſes 
a for. Man. 
Parts differing from thoſe of man 
Head, wherein I conſider 


Its ſhape, commonly * to the animal's 


motion * - 


. ds. Of which I a no notice, * 


Page 
195 


196 
199 


206 


215 


219 


THE FOLLOWING WORE« 


The brain, which i 18, 
Leſſer 4 in man 
Placed lower than the Schalen ; 
The nictitating membrane  » » 224 
— arteries, and rete en. 
ates. 


Neck. 
Anſwering the len W the "row - 

Strengthened by 7 | 

de Ws 8 a — 231 . 
Correſpo ng to ev 
Suited to the ir proper e fleſh, 

| grain, Cc. 

Heart: Its 


Ventricles in . eb bas mbeW 
One only {nu . ml  o© 299 


Them anime flak. id baud 9 
' Situation, pearer the midſt of the 120 d & 
man. 


r faſtening of the pericardium to the | 


Nervous kinds. A ſample of which: is gived in the 
different correſpondence- between the head and 
d of Be 200 RO EEITINY | 
nerves 2 © - - 238 g 

Birds. Concerning which I take # view. of thele ; og 

Body and motion ; where I conſider . YN 

e parts concerned in their motion 246 
The ſhape of the body, made exactly for ſwims 
mig in, and paſſing through the air, 
Feathers, which are 
Moſt exactly made for lightneſs and ſtrength. 
All yell placed in 2 bes , = the cover- 
ing and motion of the body | 
Preened and dreſſed i. — - 247 
Wings, which are 
7 re Vit. of boner, 
gat ; joints, exa ngs 
_— and * oving, as 1 wo 2 
4 he require and the ng ke 
— aaa, 


FM 


- 227 


236 


aui 
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Page 
Placed in the niceſt- point of the body- of 
ſpecies, according to the occaſions 


of flight, ſwimming, or diving. 


"4 


and deſcents - 


Leg and feet, which are made light for fight, 
* incomparably n their pro- 


per occaſions of 
Swimming - - - 
Walking. & 
Catching prey. 
Rooſting. 
Hanging. 
Wadi ing and ſearching the waters. 
Lifting them upon their wings, 
Motion itſelf, 

Performed by the niceſt laws of mechanics. 
Anſwering every purpoſe and occaſion. 
Other parts of the body, via. the + 
Head, remarkable for the commodious 


Shape of itſelf - - — - we 


Forms of the bill. 
Site of the eye and ear. 
Poſit ion of the brain. 

8 of the 


Proviſion by nerves in the bill ſor taſting 


and diſtinguiſhing 5 n 
. one to N 
acerate and pre - 24 
Grind and i r e i 
Lungs incomparably made for 
* = _ 
Making the body — | 4 7 
n due pro rtion to the legs. 
1 ſearch po the waters, — 10 


- 


e counterpoiſe the body i in flj ht. 
gs my 


State. Of which I take notice of 


viz. their 


Migration remarkable for 


Tail, which is well m e, and placed to keep 
the body ſteady, and affſt ; in its aſcents 


- 
F 


251 


- 252 


255 


261 


262 


264 


The 


* 
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The knowledge birds have of Fo, 
I beir times of paſſagge =» 
The places proper - them. 
Their accommodation for long flights by long 
or elſe ſtrong wings. 
Incubation, which is conſiderable for 
The egg, and its parts 
Act it lk, that theſe creatures ſhould betake 
themſelves to it, know this to be the way 
to produce their oung, and with delight 
and patience fit lach a due number of 


days. 
The neglect of it in any, as the oſtrich, and 
the wonderful * for the young in 
that caſe - - - 
Nidification, Of which before. | 
-Inſefs. Which although a deſpiſed tribe, doth 
in ſome reſpects more ſet forth the infinite 
power and wiſdom of the Creator, than the 
larger animals. 


The things in this tribe remarked upon are their 
Body 


Page 
266 


271 


wal > 


;- 9 not ſo much for lo og flights, as for their 


food, and condition of 


Built not with bones, but with what 0 both 


for bones and covering too - | A 
Eyes, reticulated to ſee all ways at once 
Antennz, and their uſe - - 0 
Le and feet made for N 
reepin - - - 
Swimming and walking. 
Hanging on ſmooth ſurfaces. 
Leaping. 


gg1ng- 
Spinning and weaving webs and caſes, 
Wings, which are 

Nicely diſtended with bones 

Some incomparably adorned with feathers and 
elegant colours. 

Some jointed and folded up in their elytra, 
and diſtended _ at — 

-M number either 


eo" 
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Two, 


_ r ” ag Rn 
a : * * 
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Two, with * « 
Four, — 
* minute of ſome of thoſe animals 


ſelves, eſpecially of their parts, which are 
as pe rnung we and various as — animal 


bodies - F 


State: which ſets forth a particular todchrrence ; 


of the Divine Providence, m the wife and 
careful provifion that is made for their 
Security againſt winter, by their 
Subſiſting in a different, vis. nympha or 
aurelia ſtate - 
— in torpitude, without wy waſte of ' body 
irits + - 
ring up . beforchand. 
rk their ſpecies by their 


299 


Chooſing proper places to lay up their eggs and 


ſperm, ſo that 
Eggs may have due incubation «- « » 
Young ſufficient food. 
Care and curioſity in repoſiting their eggs in neat 
order, and with the proper eu, by bei uppermoſt = 
r art of nidification, being endowed 


N. 4s * for, and agreeable to the ſeveral 
2 nidiſication, gr the materials they 
uſe in it. 

Archite&onic ſagacity to build and weave their 
cells, or to make even Nature herſelf their 
handmaid * * — - - 


Reptiles. Which agreeing with other animals 


312 


in ſomething or other befote treated of, I 


conſider only their 


Motion, req ty very remarkable, whether we 


conſider t 
Manner of it, as 
Vermicular - . 1 9999 pa 
8inuous. 
— = 
a illar. . 
Mults edous. 
Parts miniſtering to it. 


337 


294 | 
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Poiſon, which ſerres 1 | 19 
Scourge man's wickedneſs — - 342 


| Their eaf capture and maſtery of their prey, 
Their Ygeſtion. 


Watery inhabitants 1 1 their 


_ variety - 9 * 345 
ous maultitudes. | 
Vet Falk ulk of lowe, and furprifing minuteneſs of. 


* - 402 
Incomparable contrivance 0 ſtructure of their 


bodies, 
Supplies of food. 
Reſpiration. 
ke ofthe ere of uv tele . 


'Poiſe and motion of th body every way 8 348 : 
Inſenſitive inhabitants. Among which having 
mentioned foſſils and others, I inſiſt only 
upon Vegetables, and that in a curſory man- 
ner upon their 
Great variety for the ſeveral uſes of the world 351 
Anatomy. | ** 
Leaves r 
Flowers, and their admirable gue 
Seed, remarkable for its 
Generation. 0 
Containing in it a complete plant 3357 
Preſervation and ſafety in the gems, fruit, carth, | 
Ee. 3 
| Sowing, which is provided for by down, wings, 
ſpringy caſes, carried about by birds, ſown by 
the huſbandman, 0. 
Growing and ſtanding : ſome by | 
Their own ſtrength 2 5 . - $70 


1 


, as 


* 
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The help of others, by claſping _—_ — 
ing upon them 374 
Remarkable uſe, eſpecially of ſome which ſeem 
to be provided for the — of 


All places - 376 


Some particular places, to | : 3 
Heal ſome local diſtempers „„ ane WP 
Supply ſome local wants. - 380 


Practical inferences upon the whole are © theſe 


' fix, viz. That Gop's works 
1. Are great and excellent — 392 
1. Ought to be inquired ino, with a commenda- 


tion of ſuch as do ſo . 394 


* 2 Are manifeſt to all, and therefore Atheiſm 


unreaſonable - |» =» - 396 
4- Ought to excite fear and 1 — 401 
5. Ought to excite thankfulneſs - - - 403 
6. Should move us to pay God his due. homage 

and worſhip, particularly that of the Lord's- 

day: which is an appointment | 


The moſt ancient - 408 
Wiſely contrived for diſpatch of buſineſs, and to 


ee carnality. 

ſe pro buſineſs i is, to ceaſe from worldly, 
and to follow ſpiritual employments z the chief 

of which is the public worſhip of God. 
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 TERRAQUEOUS GLOBE. 


INTRODUCTION. 


IN 2% P/al. cxi. 2. the Pfalmiſt aſſerts, That ts 

(a) works of the Lord are great ; ſought out of all 
| them that have pleaſure therein. This is true of all 
God's works, particularly of his works of Creation : 


(a) It is not unlikely that the Pſalmiſt might nn, Ed 
have an eye to, the works of the creation in this text, the word 
yd being the ſame that in Pſal. xix. 1. is tranſlated Gods 
handy-work, which is manifeſtly applied to the works of cre- 
ation, and properly ſignifieth ſadum, opus, opificium, from gy 
fecit, paravit, aptavit. And ſaith Kircher, Significat talem af. 
fectionem, qud aliquid exiſtit vel realiter, vel ornat?, vel ut non fit in 
priftino flatu quo fuit.—“ Signifies that mode by which a thing 
exiſts, either as the ſchoolmen ſay really or ornately, or is at pre- 
ſent in a ſtate in which it formerly was not.” Concord. p. 2. 
col. 931. 

VOL, Is + | which 
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which when /ought out; or, as the Hebrew word (5) 
ſignifieth, when heedfully and deeply pried into, ſoli- 
citouſly obſerved and inquired out, eſpecially when 
clearly diſcovered to us; in this caſe, I ſay, we find 
" thoſe works of Gop abundantly to deſerve the 
Pfalmiſt's character of being great and noble; in- 
aſmuch, as they are made with the moſt exquiſite 
art (c), contrived with the utmoſt ſagacity, and 

ordered 


(5) — Quæſſvit, perquiſivit, ſeiſcitatus et. Buxtor. in verb. 


3 Jomul impertat curam © ſolicitudinem . Sought out, inquired; 


and it imports like wiſe care and ſolietude. Conrad. Kirch. ib. 
pP. 1. col. 1174. 
() Auod fo omnes mundi partes ita conſtitutæ ſunt, ut neque ad 
uſum meliores potuerint efft, neque ad fpeciem pulchriores : widea» 
mus utrùm ea fortuita ſint, an eo flatu, quo coherere nullo modo po- 
tuerint, niſi ſenſu moderante divindque providentid. Si ergo meliora 
unt ea que naturd, guam illa, que arte perfetia ſunt, nec art effi- 
cit quid fine ratione ; ne natura quidem rationis exper: eft habenda. 
Qui igitur convenit, ignum, aut tabulam pitam cum 2 
adhibitam ee attem ; cumque procul curſum navipii videris, non du- 
bitare, quin id ratione atque arte moveatur : aut cum ſolarium, Fo. 
— anten, qui & has ipſas artesr, & carum artiſcta, & cunda 
conpleAatur, ropſihi & rationis ef" expertem putare? Quod fi in 
Scythiam, aut in Britanniam, ſpheram aliquis tulerit hanc, quam nu- 
rr familiaris uofter effecit Poſidanius, cuſus fingule conver ſiones 
«dem efficiunt in ſole, Oe. —gued efficitur in celo, fingulis diedus & 
nattihus ; guis iu ld bar ubitet, quin ca 7 fi _ 
raziou ? Hi autem. 
n, caſunt ipſe fit 
Archimedew arbitrantur plus valnifſe in tmitandis ſphere vader; 
bus, quam natunum in efficiendis, preſertim cùm multis partibus ſiat 
ala perſetta, quan has fimulata, ſotertivs, &c.—* Wherefore, ſince 
all the parts of this earthly fabric are ſo conſtituted as to manifeſt 
at once the greateſt degree of utility and the moſt conſum- 
mate beauty, let us conſider whether this wonderful aptitude 
could have been the reſult of chance, or muſt have been effected 


< Sher Bd... 


7 
i 


| TERRAQUEOUS GLOBE, 3 
ordered with plain wiſe deſign, and miniſtering 
to admirable ends *. For which reaſon St, Paul "4 


by is delay bas dee IF it is adrnjtted that the 
works of · nature are ſuperior to thoſe of art; and yet art does 
nothing but in conſequence of thought and reaſon ; how can we 
ſuppoſe a principle called nature, which. yet is devoid of reaſon ? 
Pictures and ſtatues are allowed to be the effect of deſign and 
ſkill in the artiſt : when we ſee a ſhip cutting her wiy through 
the pathleſs ocean, we ſuppoſe immediately that ſhe is governed 
by a ſkilful pilot ;—and ſhall the world itſelf, that immenſe ma- 
chine which comprehends all arts and artiſts, and every object of 
thought or ſkill, be deemed to refult from no intelligent or rea · 
ſoning principle ? If a perſon ſhould carry into the remote re · 
gions of Scythia or Britain that ſphere made by our friend Po- 
fidonius, which ſo ingeniouſly ſhews the rovjony motfens of the of the 
— bodies, would there be a 2 man in 
| nations fo grolfy ignorant yo to Loud Hut the marking opts 
by art ? et our pretenders to reaſon ſhall doubt whether this 
world aroſe from chance or from intelligence. They admire the 
art of Archimedes in conſtructing a machine to repreſent | 
motions of the celeſtial orbs ; without acknowledging reaſop' or 
art in Him who framed thoſe orbs themſelves and put them in 
r de Nat. L ii. e. 34» 35+ 1 
SSS 
* © The man, ſays Dr. Beattie, * who ſhould ſuppoſe a 
large city conſiſting of a hundred thouſand palaces, all finiſhed 
in the minuteſt parts, and farniſhed with the greateſt elegance 
and variety of ornament, and with all ſorts of books, pictures, 
and ſtatues, executed in the moſt ingenious manner, to have been 
| produced by the accidental blowing of winds and rolling of ſands, 
would juſtly be accounted irrational. But to ſuppoſe the uni- 
verſe, or our ſolar ſyſtem, or this earth, to be the work of unde- 
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might well affirm of thoſe Noviuare of God (d), 
That the invuiſible things of God, even his eternal 


| power and Godhead, are underſtood by them. And 


indeed they are the moſt eaſy and intelligible de- 
monſtrations of the being and attributes of God (e); 
eſpecially to ſuch as are unacquainted with the 
ſubtilties of reaſoning and argumentation ; as the 
greateſt part of mankind are. | 

It may not therefore be unſuitable to the nature 
and deſign of lectures (/) founded by one of the 
greateſt virtuoſo's of the laſt age, and inſtituted 
too on purpoſe for the proof of the Chriſtian reli- 
gion againſt atheiſts, and other infidels, to improve 
this occaſion in the demonſtration of the being and 


(a And a little 1 he faith of nature itſelf, Omnem ergo 
regit naturam ipſe [Deus] fc. God himſelf governs. all 
nature.“ 

(+) Mundus codex oft Dei, in quo Jugiter has 1 The 


world is the great volume of God, in which we ought e 


to read.” Bernard. Serm. 
Arbitror nullam gentem, neque 1 ſocietale, "pad quos 


ulla Deorum oft religio, quidguam- habere ſacrit Eleuſinits aut Sa- 


mothraciis fimile. Ea tamen obſcure docent que profitentur : na- 
furs vers opera in omnibus animantiþus ſunt perſpicua.— I ſup- 
poſe there is no nation or ſociet y of men who profeſs à reve- 
rence for the Gods, among whom there are any inſtitutions like 
thoſe of the Eleuſinian or Samothracian myſteries. Vet theſe 
teach but obſcurely the doctrines which they profeſs to incul- 
cate : the artifice of nature is con{picuous in the formation of 
all animal ſubſtances.” —Galen. de Uſ. Part. l. xvii. c. 14. 
Y Philoſophia ot catechiſmur ad fidem—« — 
the catechiſm which inſtruQs us in our Wer e er N I, contr 
Jul. 
aw 
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attributes of an infinitely wiſe and powerful Creator, 
from a curſory ſurvey of the works of creation, or 
(as often called) of nature. 
Which works belong either to our Terraqueous 
Globe, or the Heavens, 
Il ſhall begin with our own Globe, being neareſt, 
and falling moſt under our ſenſes. Which being a 
ſubject very various and copious, for the more me- 
thodical and orderly proceeding upon it, I ſhall / 
diſtribute the works therein, 
I. Into ſuch as are not properly Parts, but"Ap- 
pendages or Out-works of the Globe, 
II. The Glove itſelf, 
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of the cube of the Lerragüebül Globe, 
the Atmoſphere, Light, and Gravity. 


— 


CHAP. I 
Of the A tmoſphere i in b 


Tur atmoſphere, or math. of air, vapours and 

clouds, which ſurrounds our globe, will 
appear to be a matter of deſign, and the infinitely 
wiſe Creator's work, if we conſider its. Ys and 
make (a), and its ve to the world (6). 

1. Its nature and make, a maſs of ur, as ſub- 
tile penetrating matter, fit to pervade other bodies, 
to penetrate into the inmoſt receſſes of nature, to 
excite, animate, and ſpiritualiſe ; and in ſhort, to 


(a) Mundi pare of ar, & quidem neeeftria 4 
orlum terramqur connectit, N. The air is a neceſfary part of 
our ſyſtem. It connects the heavens and the earth.“ — une. 
' Nat. Qu. I. ii. c. 4. | 

() Ipſe aer nobiſcum videt, nobiſtum audit, nobiſcum ſonat ; nibil 
enim eorum fine eo fieri poteft, Nc. —“ Without the 3 

L e. 33. * 
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be the very ſoul of this lower world. A thing con- 


ſequently, . 

2, Of greateſt uſe to the world, uſeful to the 
life, the health, the comfort, the pleaſure, and 
buſineſs of the whole globe. It is the air wy 
whole animal world breatheth, and liveth by; not 
only the animals inhabiting the earth (c) and 

(e) As the air is of abſolute neceſſity to animal life, ſo it is 
neceſſary that it ſhould be of a due temperament or conſiſtence; 
not foul, becauſe that ſuffocateth; not too rare and thin, be- 
cauſe that ſufficeth not: with examples of each of which, I 
ſhall a little entertain the reader. In one of Mr. Hawkſbee's 
compreſſing engines, I cloſely ſhut up a ſparrow, without for- 
cing any air in; and in leſs than an hour the bird began to 
pant, and be agitated ; and in lefs than an hour and half to 
de fick, vomit,” and more out of breath; and in two hours 
time was nearly expiring. 

Another I put in and compreſſed the air, but the engine 
leaking, I frequently renewed the compreſſure; by which 
means, (although the bird panted a little after the firſt hour, ) 
12 ſuch frequent compreſſures, and emiſſion of freſh air, 
it was very little concerned, and taken out ſeemingly unhurt 
| after three hours, 
After this I made two other experiments in compreſſed air, 
with the weight of two atmoſpheres injected, the engine hold- 
ing tight and well; the one with the great tit-mouſe, the other 
with a ſparrow, For near an hour they ſeemed but little con- 
cerned; but after that grew fainter, and in two hours time 
fick, and in three hours time died“. Another thing I took no- 
_— (+ 


Py... With — to the weight of the atmoſphere, it is aſcer- 
tained that every ſquare inch of ſurface ſuſtains a preſſure of 15 
canned Every ſquare foot, therefore, containing 144 inches, 
\ muſt 
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u f lein e preſſire uf ood and if we ks Sed; 
to contain 15 ſquare feet of ſurface, which is near the truth, àt 

an average of the medium ſize of the human body, then ĩt ĩs de- 
monſtrable he muſt ſuſtain a weight of 32, 400 pounds or 16 ton. 
| This enormous preſſure would cruſh us in a moment, were it not 
balanced by the air or elaſtic fluids contained in all parts of tlie 
body. And as the atmoſpherical preſſure varies very much at dif- 
ferent times and in different ſituations, even to the weight of 2 
ton of difference, it is thence evident that the ſpring of the Ulak 
tic fluid in our bodies, muſt in a wonderful manner keep pace in 
its variation with the weight of the atmoſphere. It is remarked 
that in all caſes it ſeems to keep pace with it when the preſſure 
s naturally diminiſhed, and even when it is artificially augmented, - 
but not when it is artificially diminiſhed. +-In that kind of wea- 
ther when the preſſure of the air is leaſt, or at the tops of moun- 
tains, we never perceive our veins to ſwell ; but on the'contrary 
in the latter caſe, when the preffure is very much diminiſhed, 
we feel a languor as if oppreſſed with a weight: this, therefore, 
muſt be accounted for from other cauſes than the diminution of 
that weight. M. de Sauſſure, when near the top of Mont 
Blanc, felt various ſymptoms of uneaſineſs, and was apparently 
ſeized with fever; but for theſe ſymptoms he accounts from 
another cauſe than the lightneſs of the atmoſphere. He obſerved 
that at that great height, v/z. 25H miles perpendicular from the 
ſea, the atmoſphere was ſo loaded with fixed air, - that-lime- 
water became quickly covered with a pellicle, occaſioned by the : 
abſorption of fixed air. Now it is well known that fixed air 
produces ſymptoms ſimilar to thoſe | deſcribed, on myſt ani- 
mals, Mr. Derham's own experiments on the ſparrow prove, 
that no ſenſible effect was perceived from the compreſſion of the 
atmoſphere, to double its natural denſity; and perſons in the 


diving-bell are not ſenſible of any diſagreeable conſequence from 
the very great compreſſion of the air. Ep1ToR. 
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moſt animal live ſcarce half a minute (7); and 
others, 


* 


motion of the air, cauſed by their fluttering and ſhaking their 
wing (a thing worth trying in the dving4ell), I ſhall leave 
the ingenious reader to judge what the cauſe was of both the 
birds living longer in compreſſed, than uncompreſſed air; whe- 
ther a leſs quantity of && was vet army ſaplaanft rntnes 
unfit for reſpiration, than a greater. , 

From theſe experiments two things we ie 3 one 4 
that air, in ſome meaſure compreſſed, or rather heavy, is neceſ- 
ſary to animal life : of which by and bye. The other, that 
— — — . — 
with the vapours emitted out of the animal's body, becomes 
unit for reſpiration. For which reaſon, in the - diving-bell, 

_ after ſome time of ſtay under water, they are forced to come up 

and take in freſh air, or by ſome ſuch means recruit it · But the 

famous Cornelius Drebell contrived not only à veſſel to be rowed 
under water, but alſo a liquor to be carried in that veſſel, that 
would ſupply the want of freſh air. The veſſel: was made for 

King James I. It carried twelve rowers, beſides the paſſengers. 
It was tried in the river of Thames ; and one of the perſons that 

vas in that ſubmarine navigation was then alive, and told it one, 

who related the matter to our famous founder, the honourable, 
and moſt ingenious Mr. Boylk. As to the liquor, Mr. Boyle 
ſaith, he diſcovered by a doctor of phyfic, who married Dre- 
bells daughter, that it was uſed from time to time when the 
air, in the ſubmarine boat, was clogged by the breath of the 
company, and thereby made unfit for reſpiration ; at which 
time, by unſtopping a veſſel full of this liquor, he could ſpeedily 
reſtore to the troubled air ſuch a proportion of vital parts, as 
would make it again for a good while fit for n. The 
ſecret of this liquor Drebel! would never to above one 
perſon, who himſelf aſſured Mr. Boyle what it was. Vid Boyle's 
Exp. Phy/. Mech. of the Spring of the Air, Exp. 41. in the Di- 
greſſion. This ſtory I have related from Mr. Boyle, but at the 
rr 
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) And 


3 ſo — aw ale is unfit for reſpiration. 
Not to mention the forced rarefaQtions made by the air-pumpy 
in the following note; it is found, that even the extraordinary 
natural rareſactions, upon the tops of very high hills, much af- 
fed reſpiration. An eccleſiaſtical perſon, who had viſited the 
high mountains of Armenia, (on which ſome fancy the ark 
reſted, ) told Mr. Boyle, that whilſt he was on the upper part-of 
them, he was forced to fetch his breath oftener than he was 
wont: and taking notice of it when he came down, the people 
told him, that it was what happened to them when they were ſo 
high above the plain, and that it was a common 
among them. The like obſervation the ſame eccleſialtic made 
upon the tap of a mountain in the Cævenner. | So a learned tra- 
veller, and curious perſon, on one of the higheſt ridges of the 
Pyranecs,, called Nis ds Midi, found the air not fo fit for reſpi- 
ration; as the common air, but he and his company were fain 
to breathe ſhorter and oftener than in the lower air. Nu Phil. 
Tranſat. No. 64. or Lowthorf's Abridg. vol. it. p. 226; — © 
Such another relation the learned Foſeph Acofia gives of 
bimſelf and his company, that, when they paſſed the high 
mountains of Peru, which they call Perigcaca, (to which he 
ſaith, the Alps themſelves ſeemed to them but as ordinary houſes, in 
regard of high towers, ) he, and his companions, were furprifed 
with ſuch extrems pangs of ſtraining and vomiting, (not without 
eaſting up of blood too, and with ſo violent a diſtemper, that he 
concludes be ſhould undoubtedly have died ; but that this laſted not 
abous three or four hours, before they came into a more convenient 
and natural temperature of the air. All which, he conclutles, pro- 
ceeded from the too great ſubtilty and delicacy of the air, 
which is not proportionable to human reſpiration, which re- 
quires a more groſs and temperate air. Vide Boyle, ubi ſupra. 
Thus it appears, that an air too ſubtile, rare, and light, is unfit 
for reſpiration ; but the cauſe is not the ſubtilty, or too great 
delicacy, as Mr, Boyle thinks, but the too great lightneſs thereof, 
. 
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And not only animals themſelves, but even trees 


and * and nn 
er, 


3 the muſcles miniſtering to raſpir ados, ind the 
diaftole of the heart. Of which ſee book iv. ch. 7. note . 
And as our inability to live in too rare and light an air may 
diſcourage thoſe vain attempts of flying, and whimſies of paſſing: 
to the moon, &c. ſo our being able to bear an heavier ſtate of the 
air is an excellent proviſion for men's occaſions in mines, and 
other great depths of the earth; and thaſe ot her greater preſf- | 
ures made upon the air, in the Suki, when we deſcend into/ 
great depths, of the waters. 1 2 do Sion nods? Dur; AO 
"W That the inhabitants..of, the air (birds and. inſesY 
| the air as well as man, and; other animals; is manifeſt from 
| their. ſpeedy dying in too feculent, or too much rarefiedtair 
of which ſee the preceding and following note (/). But yet 
birds and. inſe&s (ſome birds at leaſt) can live in 4 rarer air 
than man. Thus eagles, kites, herons, and divers other birds, 
that delight in high flights, are not affected with thetrarity of 
the medium, as thoſe perſons, were in the preceding note. "ow 
intens hear the air-pump' long, as in the following note (J). * 
(e, Creatures inhabiting, the waters need the air, as welk as 
other avimpla, yea, and freſh air too. The hydrocarithari of alf 
ſorts, the nymphe of gnate, and many other water inſets, have 4 
ſingular faculty, and an admirable apparatus, to raife their back 
parts to the top of the watets, and take in freſh air, It [is 
pretty to ſee, for inſtance, the Hdrocanthari come and thruſt 
their tails out of the water, and take in a bubble of air, at the 
tip of theis vagine and tails, and then nimbly carry it down with 
them into the waters; and when that is wad ING bed 
aſcend again and recruit it. 
80 ſiſhes alſo. are well known to aſe reſpiration; by paſſ 
ing the water through their mouths and gills, But” carpe will 
live out of the water, only in the air; as is manifeſt by the ex) 
periment of their way of fatting them in Holland, and which 
hat h been practiſed here in England, vix. they hang them up i in 
a cellar, or ſome cool place, in wet moſs in a ſmall net, with 
their heads out, and feed them with white bread ſoaked in milk, 
for - 


en- 1. 22 — | 43 
their vegetation. and life: to this uſeful cbmentg as 


eee een e and is 
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for many days. This was told me by a perſon very eurious, and 
of great honour and eminence, whoſe word (i I had leave to 
name him) nobody would. queſtion z and it being an- inſtance 
of the reſpiration of fiſhes very ſingular, and ſomewhat out of 
the way, I have for the reader's diverſion taken notice of it. 

(By experiments I made myſelf in the air- „in Seþ« 
teinber and OBober 1704, I obſerved that animals whoſe hearts 
have two ventricles, and no foramen ovale, as birds, dogs, cats, 
rats, mice, &c, die in leſs than half a minute counting from the 
very firſt exſuction; eſpecially in a ſmall receiver. 

A mole (which I ſuſpected might have borne more than other 
quadrupeds) died in one minute (without recovery) in a large 
receiver; and doubtleſs would hardly have ſurvived half a 
minute in a ſmall receiver. A bat (although wounded) ſuſ- 


tained the pump two minutes, and revived upon the re-admiſſion 


of the air. Afﬀter that, he remained four minutes and a half, 
and revived. Laſtly, after he had been five minutes, he conti- 
nued gaſping for a time, and after twenty minutes I re-admitted 
the air, but the bat never revived, - 

_ As for inſets : : waſps, bees, hornete, graſbopperr, nad lady-cowt, 
| dead in appearance in two minutes, hut revived in the 

open air in-two or three hours time, notwithſtanding they had 
been in vacuo twenty-four hours. 
Ihe ear-wig, the great flaphylinuz, the great black louſy 
| beetle, and ſome other inſets, would ſeem unconcerned at the 
vacuum a good while, and lie as dead; but revive in the air, 
Although ſome had lain fixteen hours in the exhauſted re- 
eciver. 
Snaili bear the air pump prodigiouſiy, eſpecially. thoſe 5 
ſhells; two of which lay, above twenty-fqur hours, and ſeem 
not much affected. The ſame ſnails I left in twenty-eight hours 
more after a ſecond. exhauſtion, and found one of oy quite 
. dead, but the other revived, | 
Frogs and toads, bear the pump long, eſpecially the former, 
| A i, found in the hou ſe, died HPO leſs 1 5 | 


j 
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bring again admitted into the ſame 


N. 1. 


manifeſt from their glory and verdure in a free 
air, and their becoming pale and ſickly, and lan- 
guiſhing and dying, when by wy means excluded 


from it (g). 


. Thus uſeful, thus neceſſary, is the als d the tits 
of the animated creatures; and.no lefs is it to the 


motion and conveyance of many of them. All 
the winged tribes owe e cher * and bouyancy (5) 
| | to 


fix hours. Another toad and frog I put in together, and the 
toad was ſeemingly dead in two hours, but the frog juſt alive. 
Aſter they had remained there eleven hours, and ſeemingly 
dead, the frog recovered in the open air, only weak, but the 
toad was quite dead. The ſame frog being put in again for 
twenty-ſeven hours, then quite died. 

The animalcules in pepper-water remained in vacuo twenty- 
four hours. And after they had been expoſed a day or two to 
the open air, I found ſome of them dead, ſome alive. | 

() That the air is the principal cauſe of the vegetation of 
plants, Borelli proves, in his excellent book De Mot. Animal. 
vol. ii. prop. 181. And in the next propoſition, he affureth, 
In plantis quoque peragi aeris reſpirationem quandum imperfe 
4 gud earum vita » & conſervatur.—* In plants there is 
likewiſe an imperfe& reſpiration, on which their life and health 

gut of this more when I come to furvey Vegetables. 


Some lettice-ſeed being ſown upon ſome earth in the open air, and 


eme of the ſame ſeed, at the ſame time, upon other earth in a glaſs- 


receiver of the pneumatic engine, afterwards exhaufled of air : the 


feed expoſed to the air, was grown up an inch and half high within 


eight days ; but that in the exhauſted receiver not at all. And air 
emptied receiver, to ſee whether 
any of the feed would then come up, it war found, that in the ſpace 

' one 4veck it ava up to the height of tao or three inches. 
Vide Phil. Tranſ. No. 23. Lowth. Abridg. vol. ii. p. 206. 

(h) In volucribur pulmones perforati aerem inſpiratum in totam 
wentris cavitatem admittunt. Hujus ratio, ut propter corporis trun- 


cum aero repletum & quaſi extenſum, ipſa mais volatilia evadant, 


faciluſqua = 


oy 
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to it, as ſhall-be ſhewn in proper place: and even 
the watery inhabitants themſelves cannot aſcend and 


deſcend into their element, well without it (. 
But 


faciliuſque ab aere externo, 28 ——— Equi- 
dem piſces, quo levits in aquis natent, in abdomine vgſcas aere infla- 
| tas geſtant : pariter & volucres, propter corporit truncum aere imple- 
tum & quaſi inflatum, nudo deri incumbentes, minus gravantur, 
proindeque levids & expeditias volant—* In birds, the lungs be. 
ing perforated, admit the inſpired air into the whole cavity of 
the belly. The purpoſe of this is, that theif bodies being diſ- 
_ tended by the internal air, may be the more eaſily ſupported in 
flying. Fiſhes, for the ſame purpoſe, have inflated bladders of 
air in the cavity of the abdomen,” &c.—Wilks de Anim. Brut. 
p. 1. e. 3.—Sce poſtea, book vii. c. 2. note (yg). 

(i) Fiſter, by reaſon of the bladder of air within them, can 
ſuſtain, or heep themſelves in any depth of water: for the air in 
that bladder being more or leſs compreſſed, according to the depth the 
ih feoims at, takes up more or leſs ſpate ; and conſequently, the body 
of the fiſh, part of whoſe bull this bladder ir, is greater or leſt ac- 
cording to the ſeveral depths, and yet retains the ſame wweight. Now 
the rule de infidentibus humido,—* of things plated on water,, 
is, That a body, that is heavier than ſo much <vater as is equal in 
quantity to the bulk of it, will fink, a body that is lighter will ſwim ; 
a body of equal weight will refl in any part of the water. By this 
rule, if the fifh, in the middle region of the water,” be of equal weight 
to the water, that it, commenſurate to the bulk of it, the fiſh will 
refl there, without any tendency upwards or downwards : and if 
the fiſh be deeper in the eater, the bulk of the fiſh becoming leſs by 
the compreſſion of the bladder, and yet retaining the ſame weight, it 
will fink, and reſt at the bottom. And on the other fide, if the hs 
be higher than the middle region, the air dilating itſelf, and the bulk 
of the fiſh conſequently increaſing, but not the weight, the fiſh will 
riſe upwards and reft at the top of the water. Perhaps, the jib by 
ſame ation can emit air out of its bladder-————, and, when not 
enough, take in air and then it will not be wondered, that 
there ſhould be ahways a fit proportion of air in all fiſher to ſerve 
their uſe, &e. Then follows a method of Mr. Beyl“s to ex- 


re the" wuth 6F this. After which, in Mr. Lowthorp's 
Abridg- 


+ 


% 
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But it would be tedious to deſcend too far into 


particulars, to reckon up the many benefits of this 
noble appendage of our globe in many uſeful en - 
gines ; in many of the functions and opera- 


tions mee. in the . ſounds; 
and 


| Alnidgment, follow Mr. Roy's obſervations. T del that ===. 


bath hit upon the true uſe of the ſwimming bladders in fiſhes. 


1. Ii hath been obſerved, that if the ſwimming-bladder of any 57 2 
be priched or broken, ſuch a fiſb Jinks preſently to the bottom, and 
can neither ſupport or raiſe itſelf up in the water. 2. Flat fiſhery 


as ſoles, plaiſe, &c. which lie always grovelling at the bottom, have 


no ſwimming-bladders that ever I could find. 3. In moſt fiſhes there 
is a manifeſt channel leading from the gull.——.—60 the ſaid bladder, 


euhich, without doubt, ſerves for the conveying air thereunto,— 
In the coat of this bladder is a muſculous power to contract it when 


the fiſh lin. See more very curious obſervations relating to this 


matter, of the late great. Mr. Ray, as alſo of the curious ano- 


nymous Gentleman, in the ingenious Mr. Lowthorp's Abridg- 


ment, before cited, p. 845. from Philoſ. Tranſ. No. 114, 115. 

(4) Among the engines in which the air is uſeful, pumps 
may be accounted not contemptible ones, and divers other hy- 
draulical engines, which need not to be particularly inſiſted on. 
In theſe the water was imagined to riſe by the power of ſuction, 


to avoid a vacuum, and ſuch unintelligible ſtuff ; but the juſtly 


famous Mr, Boyle was the firſt that ſolved theſe phænomena by 
the weight of the atmoſphere. His ingenious and curious ob- 
ſervations and experiments relating hereto, may be ſeen in his 


little tract, Of the Cauſe of Alradtion by Sudtion, and divers other 


of his tracts. 


(/) It would be endleſs to ſpecify the uſes of the air in na- 


ture's operations: I ſhall therefore, for a ſample only, name its 
uſe to the world in conſerving animated bodies, whether 


endowed with animal or vegetative life, and its contrary quality 
of diſſolving other bodics; by which means many bodies that 
wauld prove nuiſances to the world, are put out of the way, by 


being reduced into their firſt principles, (as we ſay,) and ſo 
embodied with the earth again. Of its faculty as a menſtruum, 


* 


— 


em 1. | ATMOSPHERE» | 17 


and a thouſand things beſides. And 1 ſhall but 
juſt mention the admirable uſe of our atmoſphere 
in miniſtering to the enlightening of the world, by 
its reflecting the light of the heavenly bodies to 
us (n); and refracting the ſun- beams to our eye, 
or its power to diſſolve bodies; I may inſtance in eryſtal- glaſſes ; 
which, with long Keeping, eſpecially if not uſed, will in time — 
be reduced to a powder, as I have ſeen. So divers minerals, | 
earths, ſtones, foſlil-ſhells, wood, c. which from Noah's flood, 
| at leaſt for many ages, have lain under ground, ſo ſecure from _ 
g corruption, that, on the contrary, they have been thereby made 
much the ſtronger, have in the open air ſoon mouldered away. 
ö Of which laſt, Mr. Boyle gives an inſtance (from the Diſſrtation 
: de admirandit Hungar. Aquis) of a great oak, like a huge beam, 
; dug out of a ſalt-mine in Tranſylvania, ſo hard, that it would not 
eaſily be torought upon by iron tools, yet, being expoſed to the air 70 
of the mine, it becume ſo rotten that in four days it mar eaſy to be 
broken, and crumbled between one's fingers. Boyle's Suſpic. about 
ſome hidden Qualities in the Air, p. 28. So the trees turned 
out of the by the breaches at Wef-Thurrock and Dagen- 
ham, near me, although probably no other than alder, and in- 
terred many ages ago in a rotten 00zy mould, were ſo exceed- 
ingly tough, hard, and ſound at firſt, that I could make but 
little i Srefſioh on them with the ſtrokes of an ax; but being 
poſed to the air and water, ſoon became ſo rotten as to be 
crumbled between the fingers. See my Obſervations | in Philof. 
Tranſa#. No. 335. Ef SOR 
(n) By reflefling the light of the heavenly bodies to us, I mean 7 
a that whiteneſs or lightneſs which is in the air in the day-time, 
; cauſed by the rays of light ſtriking upon the particles of the | - 
atmoſphere, as well as upon the clouds above, and the other ob- 
jecto beneath upon the earth, Ts the ſame cauſe alſo we owe- 
the twilight, viz. to the he ſun-bexens touching the uppermoſt par- 
ticles of our atmoſpher&-which they do when the ſun is about 
eighteen degrees beni@th the horizon. And as the beams reach 
more and more of the Ea * and 
or. 1. daylight 
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peſore it ever ſurmounteth our horizon'(n);; by 
Which means the day is protracted throughout the 


daylight comes on and increaſeth. For an exempliſication of 
_ this, the experiment may ſerve of tranſmitting a few rays of the 
ſun through a ſmall hole into a dark room: by which means 
the rays which meet with duſt, and other particles flying in the 
air, are rendered viſible; or (which amounts to the ſame) 
thoſe ſwimming ſmall bodies are rendered viſible, by their re- 
flecting the light of the ſun-beams to the eye, which, without 
ſuch reflection, would itſelf be inviſible. 

The azure colour of the ſky Sir Iſaac Newton attributes to va- 
pours beginning to condenſe, and that are not able to reflect 
the other colours. V. Optic. I. ii. par. 3. prop. 7. 
| (n) By the refractive power of the air, 'the ſun, and the 
other heavenly bodies ſeem higher than really they are, eſpe- 
cially near the horizon. What the refractions amount unto, 
what variations they have, and what alterations in time they 
_ cauſe, may be briefly ſeen in a little book called, The Artificial 
Cloel- Maler, chap. 11. (written by Mr. Derham). 

Although this inflective quality of the air be a great incumbrance 
and conſuſion of aſtronomical obſervations Het it is not without 
ſome conſiderable benefit to navigation; and indeed, in ſome enſer, the 


1 —btnefit thereby obtained is much greater than would be the binefit of 


. having the ray proceed in an exa? ſtraight line. ¶ Then he men- 
tions the benefit hereof to the polar parts of the world.] But 

this by the bye (ſaith he). The great advantage I conſider therein, 

is the firſt diſcovery of land upon the ſea ; for by meant hereof, the 
tops of hills and lands are raiſed up into the air, ſo as to be diſcover- 

able. ſeveral learues farther off on the' ſea than they would be, were 

there no ſuch refrattion, which is of great benefit to navigation for 

fleering their courſe in the night, when they approach near land; 
and likewiſe For directing them in the day-time, much more certainly 
than the "moſt exa? celflial obſervations could do by. the help of an 

wainfletted ray, eſpecially in ſuch places as they have, no  ſoundings. 

[Then he propoſes a method to find, by theſe means, the diſ- 

tance of objects at ſea.) Vid Dr. Hook's Poſt. Works. Le8. 
* of Navig. p. 466. | | | Lap 
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whole globe; and the long and diſmal nights are 
ſhortened in the frigid zones, and day ſooner ap- 
proacheth them; yea, the ſun itſelf riſeth in ap- 
pearance (when really it is abſent from them) to 
the great comfort of thoſe forlorn places (o). 

But paſſing by all theſe things with only a bare 
mention, and wholly omitting others that might 
have been named, I ſhall only inſiſt upon the excel- | 
lent uſe of this noble circumambient companion of 
our globe, in reſpe& of two of its meteors, the 
winds, and the clouds and rain (p). 


(ov) Cum Belge in Novd Zembld hybernarent, ee apparuit 
16 diebus citias, quam revera in horizonte eiſteret, hoc eft, cam 
adhuc infra horizontem depreſſus efſet quatuor cireiter gradibus, & 

acre ſereno. To thoſe Hollanders who wintered in 
Nova Zembla, the ſun was viſible, in a clear ſky, ſixteen da 
before it actually roſe above the horizon, being yet four 2 
grees below it. Faren Geog. c. 19. prop. 22. | 

[Theſe Hollanders] found, that the night in that place FRAY 
no leſr than a whole month ; which muſt needs be a very great comfort 
to all ſuch places as live very far towards the north and ſouth poles, 
where length of night, and want of ſeeing the ſun, cannot choofe bus 
be very tedious and irkſome. Hook, ibid. 

[By means of the refractions] ewe found the fun to riſe twenty 
minutes before it ſhould ; and in the evening to remain above the ho« 
rizon twenty minutes (or thereabouts ) longer than it ſhould. Ons 
Fames's Journ. in Boyle of Cold. Tit. 18. p. 190. | 

(O) Aer—in nubes cogitur : humoremgue colligens terram 3 
imbribus : tum gſſlurns huc E illuc, wentos efficit. Idem annuas fri- 
gorum E calorum facit varictates : idemque & wolatut alitum fuftinet 
S ſpiritu dufus alit & ſuſtentat animantes.—* The air, 
itſelf into clouds, and collecting moiſture from the earth, re- 
turns it again in ſhowers ; or, being impelled in different direce | 
tions, forms winds. To the air we owe the variations of heat 
and cold: the birds are ſupported by it in their flight ; and all 
zuimals eres. in life.” —Cic. de Nat. Dear. I. ii. c. 39. 
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their great uſefulneſs to the world. And ſo great 
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CHA P. II. 
Of the Mind. (a). 


10 paſs by other conſiderations, whereby I 
might demonſtrate the winds to be the inh- 
nite Creator's contrivance, I ſhall infiſt only upon 


(a) Ventus off aer fluens,—* Wind is air in motion,” —is 
Seneca's definition. Na. Qu. I. v. And as wind is a current 


of the air, ſo that which excites or alters its currents, may be 


juſtly ſaid to be the cauſe of the winds. An æquipoiſe of the 
atmoſphere produceth a calm; but if that æquipoiſe be more 
or leſs taken off, a ſtream of air, or wind, is thereby accord- 
ingly produced, either ſtronger or weaker, ſwifter or flower. 
And divers things here are that may make. ſuch alterations in 
the æquipoiſe or balance of the atmoſphere, viz. eruptions of 
vapours from ſea or land; rarefactions and condenſations in 
one place more than another; the falling of rain, preſſure of the 
clouds, &c. Pliny, I. ii. e. 45. tells us of a certain cavern in 
Dalmatia, called Senta, in quem, ſaith he, dejefo levi pondere, 
quamvis tranquillo die, turbini mil. ts emicat procella:— “ a cavern, 
into which when any light body is thrown, although in a calm 
day, it produces a current of air like a whirlwind.” —But as 
to caves it is obſerved, that they often emit winds more or leſs, 
Dr. Connor, taking notice of this matter, ſpecifies theſe, In 
regno Neapolitano ex immant Cumanæ Sibylle antro tenuem ventum 
euentem fercepi,—4 From the ſpacious grotto of the Cumæan 


Sibyl in the kingdom of Naples I perceived a ſmall wind to 


iſſue.” —The like he obſerved at the caves at Baia, and in ſome 
of the mines of Germany, and in the large ſalt- mines of Cracow 
in Poland. Ubi, ſaith he, opificer, Q ipſe fodine duminur Andreas 
Morſlin, nob. Polonus, mihi afferuerunt, quid tanta aliquand» ven- 


torum 
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is their uſe, and of ſuch abſolute neceſſity are they 
to the ſalubrity of the atmoſphere, that all the 


world would be poiſoned without thoſe agitations 


thereof. We find how putrid, fetid and unfit for 
reſpiration, 


torum tempeſtas ex ambagiofis hujus fodine receſſibus ſurgere ſolebat, | 
quod laborantes fofſores humi proflernebat, nec non portar & domi-" DEL 
cilia (que fibi in hdc ſodind artifices exſtruunt } penituùs evertebat.—— 
« Where the workmen and the maſter of the mines, a Poliſh, 
nobleman, affirmed to me that a hurricane often iſſued from 
thoſe winding caverns ſo violent as to throw down the work- 
men, and demoliſh the houſes which they had built for their 
dwellings within the mines.” Hern. Connor, Diſſert. Med, Phyſ. 
p- 33+ artic. 3. 
And as great caves, ſo great lakes ſometimes ſend forth 
winds, 80 Caſſendus ſaith the Lacus Legnius doth, E quo dum 
exoritur fumus, nubes haud dubis creanda eft, gue fit brevi in tem- 
Peflatem ſeviſſimam exoneranda.—* From which a ſmoke ariſes 
which forms into a cloud, producing ſoon after a violent hurri- 
cane.” —Gafſend. Vit. Peirgſt. I. v. p. 417+ 
But the moſt univerſal and 2 alterations of the balance 
of the atmoſphere, are from heat and cold. This is manifeſt in 
the general trade · winds, blowing all the year between the tro- 
pies from eaſt to weſt: if the cauſe therefore be (as ſome inge- , 
nious men imagine) the ſun's daily progreſs round that part f 
the globe, and by his heat rarefying one part of the air, whilft 
the cooler and heavier air behind preſſeth after. So the ſea and 
| land-breezes in note (4). And ſo in our climate, the northerly 
and ſoutherly winds (commonly eſteemed the cauſes of cold 
and warm weather) are really the effects of the cold or warmth 
of the atmoſphere : of which I have had ſo many confirm. 
ations, that I have no doubt of it. As for inſtance, it is not 
uncommon to ſee a warm ſoutherly wind, ſuddenly changed to 
the north, by the fall of ſnow or hail; to { the wind in a' 
- froſty cold morning north, and when the ſun hath well warmed 
the earth and air, you may obſerye it to wheel about towards 
the ſouttierly quarters; and again to turn northerly or eaſterly 
in the cold evening. It is from hence alſo, that in thunder- 
0 3 ſhowers . 


\ 
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reſpiration, as well as health and pleaſure, a ſtag- 
nating, confined, pent-up air is. And if the whole 

maſs of air and vapours was always at reſt, and 
without motion, inſtead of refreſhing and animat. 
ing, it. would ſuffocate and poiſon all the world: 
but the perpetual commotions it receives from the 


gales and ſtorms, keep it pure and healthful (ö). 
Neither 


ſhowers the wind' and clouds are oftentimes contrary to one 
another, (eſpecially if hail falls,) the ſultry weather below di- 
recting the wind one way; and the cold above. the clouds 
another way, I took notice upon March the 10th, 1710-11, 
(and divers ſuch like inſtances I have had before and ſince,) 
that the morning was warm, and what wind ſtirred was welt- 
ſouth-weſt, but the clouds were thick and black (as generally 
they are when ſnow enſues): a little before noon the wind 
veered about to north by weſt, and ſometimes to other points, 
the clouds at the ſame time flying ſome north by welt, ſome 
ſouth-weſt : about one of the clock it rained apace, the Nrn. 
flying ſometimes north-eaſt, then north, and at laſt both wind 
and clouds ſettled north by welt ; at which time ſleet fell plen- 
3 and it grew very cold. From all which I obſerve, 
hat although our region below was warm, the region of 
the clouds was cold, as the black ſnowy clouds ſhewed. 2. That 
the ſtruggle between the warmth of ours, and the cold of the 
cloudy region, ſtopped the airy currents of both regions, 
| » That the falling of the ſnow through our warmer air melted 
into rain at firſt; but that it became fleet after the ſuperiour 
cold had conquered the inferiour warmth. 4. That, as that 
cold prevailed by degrees, ſo by degrees it wheeled about both 

the winds and clouds from the northwards towards the ſouth, 
Hippocrates, I. ii. De Vid. Orat. Omnes wventos wel d nive, 
glacie, vehcmenti gelu, fluminibur, Qc. ſpirare necoſſe Judicat,— 
« He ſuppoſes that all winds ariſe either from ſnow, ice, or 

froſt, or from rivers,” &c.—Bartholin. d. Uſu NMivit, c. 1. 

| (4) It is nuell obſerved in my. Lord Howard's Voyage to Con- 
 ſtantinople, That at hy they have frequent winds, which if 


* 
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Neither are thoſe ventilations beneficial only to 
the health, but to the pleaſure. alſo of the in- 
habitants of the terraqueous globe; witneſs the 
gales which fan us in the heat of ſummer; with- 
out which, even in this our temperate 'zone, men. 
are ſcarce able to perform the labours of their 
calling, or not without danger of health and 


they ceaſe long in ſummer, the plague often enſues : ſo that it is now 
grown into a proverb, That if Auſtria be not windy, it ts Jubjef 
to contagion: Bohun of Wind, p. 213. | 

From ſome ſuch commotions of the air I imagine it is, that at | 
Grand-Cairo the plague immediately ceaſes, as ſoon as the Nile 
begins to overflow ; although Mr. Boyle attributes it to nitrous 
corpuſcles. Determ. Nat. of Effuv. c. 4. 

Nulla enim propemodum regio eft, 2 non habeat * Aarum 
ex ſe naſcentem, & circa ſe cadentem.— Almoſt every region has 
a wind peculiar to itſelf.” 

Inter catera itag. Providentie opera, hoc quog. aliquir, ut dig- 
num admiratiune ſuſpeerit. Non enim ex und cauſa ventos aut 
invenit, aut per diverſa diſpoſuit : ſed primum ut aera non ſinerent 
pigreſcere, ſed aſſidud vexatione utilem redderent, vitalemgue trac- 
turis,—* This is among the moſt admirable of the works of Pro- 
vidence, that by means of the winds, the air is never ſuffered 
to ſtagnate, but always retains its vivifying quality.” Sen. 
Nat. Queſt. I. v. c. 17, 18. 

All chis is more evident, from the cauſe aſſigned to malig- 
nant epidemical diſeaſes, particularly the plague, by my inge- 
nious learned friend Dr. Mead; and that is, an hot and moiſt 
temperament of the air, which is obſerved by Hippocrates, Ga- 
len, and the general hiſtories, of epidemical diſeaſes, to attend 
thoſe diſtempers. Vide Mead of Poiſons, Eſſay v. p. 161. 
But indeed, whether the cauſe be this, or poiſonous malignant 
exhalations or animalcules, as others think, the winds are, how- 
ever, very ſalutiferous in ſuch caſes, in cooling the air, and diſ- 


perſing aud driving away the moiſt or peſtiferous vapours. 
| Es: ©: life. 
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life (c). But eſpecially, witneſs the perpetual gales 
which throughout the whole year do fan the torrid 


(c) Fuly 8, 1707, (called for ſome time after the Hot Tugſ- 
day,) was ſo excellively hot and ſuffocating, by reaſon there 
was no wind ſtirring, that divers perſons died, or were in great 
danger of death, in their harveſt-work ; particularly one who 
had formerly been my ſervant, a healthy, luſty, young man, 
was killed by the heat; and ſeveral horſes on the road dropped 
down and died the ſame day. a 
In the foregoing notes, having notice of ſome things relating 
to heat, although it be ſomewhat out of the way, I hope the 
reader will excuſe me, if I entertain him with ſome obſervations 
I made about the heat of the air under the line, compared with 
the heat of our bodies. J. Patrith, who, as he is very accu- 
rate in making barometrical and thermometrical inſtruments, 
had the curioſity, for the nicer adjuſting his thermometers, to 
ſend two abroad under the care of two very ſenſible ingenious 
men; one to the northern lat. of 81 ; the other to the parts 
under the æquinoctial: in theſe two different climates, the 
places were marked where the ſpirits ſtood at the ſevereſt cold 
and greateſt heat, And according to theſe obſervations he gra- 
duates his thermometers. With his ſtandard T compared my 
ſtandard thermometer, from all the degrees of cold I could 
make with al ammoniach, &c. to the greateſt degrees of heat 
our thermometers would reach to. And with the ſame thermo- 
meter (of mine) I experimented the greateſt heat of my body, 
in July 1709: firſt in an hot day without exerciſe, by puttin 
the hall of my thermometer under my armpits, and other hotte 
parts of my body; by which means the ſpirits were raiſed 284 
tenths of an inch above the ball. Aﬀer that, in a much hotter 
day, and indeed nearly as hot as any day with us, and after I 
had heated myſelf with ſtrong exerciſe too, as much as I could 
well bear, I again tried the ſame experiment, but could not get 
the ſpirits above. 288 tenths ; which I thought an inconſider- 
able difference, for ſo ſeemingly a very different heat of my 
body. But from ſome experiments I have made (although I 
| have 
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zone, and make that climate an healthful and plea- 
fant habitation, which would _ otherwiſe be — 
habirable. | 

To theſe I might add many iter great conve= 
niencies of the winds in various engines, and vari- 
ous buſineſſes. I might. particularly inſiſt upon its 
great uſe to tranſport men to the fartheſt diſtant 


my of the world (4) ; and I might PUR 4 
1 . ; 


have b tndih forgotten them} in very cold weather, I 
Imagine the heat of an healthy vady to be always much the 
ſame, in the warmeſt parts thereof, both in ſummer and winter. 
Now between thoſe very degrees of 284 and 288, the point of 
the equatorial heat falleth. From which obſervation it appears, | 
that there is pretty nearly an equal contemperament of the 
warmth of our bodies, to that of the hotteſt part of the at- 
moſphere inhabited by us. 


If the proportion of the degrees of heat be deſired from the 
freezing-point, to the winter, ſpring, and ſummer air, the heat 
of man's body, of heated water, melted metals, and ſo to 
actual fire; an account may be met with of it, by my. molt 
ingenious fiend the great Sir //acc Newton, in Phil, TranſaB, 
No. 270. 

(d) In hoc Providentia ac Diſpoſitor ille non Deus, ara 
1 exercendum dedit,—non ut nos claſſes partem freti occupu- 
turas compleremus milite armato, Ic. Dedit ille ventos ad cuſla- 
diendam celi terrarumg. temperiem, ad evocandas fupprimendaſ/ys 
 aquas, ad alendos ſulorum atque arborum ſructus z quos ad ma- 
turilatem cum aliis cauſh s adducit ipſa jactatio, attrahens cibum in 
ſumma, & ne torpeat, promovens. Dedit ventos ad wlierjora moſs 
cenda ; ſuiſſet enim imperitum animal, & ſine magnd experientid 


rerum homo, ft cireumſcriberetur natali- fol fine: Dedit ventus ut 


commoda cujaſque regionis ferent communis ; non ut legiones equi» 
temque geftarent, nec ut pernicioſa gentibus arma tranſueherent,— 


« That Almighty Providence, that God who has formed every 


thing for the wiſeſt ends, has provided that the air ſhall be kept 
| in 
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ſpeak of the general and coaſting trade-winds, the 
ſea and the land breezes (e); the one ſerving to 

the mariner in long voyages from eaſt to 
welt; the other ſerving to waft him to particular 
places; the one ſerving to carry him into his har- 
bour, the other to bring him out. But I ſhould go 


zn continual motion by the winds : not for this purpoſe, that 
man ſhould cover the face of the deep with hoſtile armaments. 
He gave the winds in order to preſerve the temperature of the 
earth and air; to drain off ſuperfluous moiſture ; to invigorate. 
the fructiferous herbs and trees, which even agitation, amid{t 
other cauſes, conduces to bring to maturity, by drawing up- 
wards the nutritive juices, and preventing their ſtagnation. He 
gave the winds, that man, by navigation, might increaſe his 
knowledge, and extend that experience which otherwiſe would 
be confined to his native ſoil. He gave the winds, that men 
might enjoy in common the productions of every climate ; not 


that they might tranſport armies for the deſtruction of each 
other, and the ruin of the human race.” Seneca, Nat. Queſt, 


I. v. c. 18. 

(e) Sea- breezes commonly riſe in the morning about nine o'clock. 
— T hey firſt approach the ſbore gently, as if they were afraid 10 
come near it.——— It comes in a fine, ſmall, black curl upon the water, 
evhereas all the ſea betaween it and the ſhore (not yet reached by it ) is 
a ſmooth and even as glaſs in compariſon. In half an hour's time 
after it has reached the ſhore, it fans pretty briſtly, and ſo increaſe 
eth gradually till twelve o'clock ; then it is commonly the ſtrongeſt, 
and lafts fo till tuo or three, a very briſk gale. —— After three it 
begins to die away again, and gradually withdraws its force till all 
is ſpent ; and about five o'clock it is lulled aſleep, and comes no more 
till next morning. 

And as the ſea-breezes do blow in the day, and reſt in the night py ' 


oo on the contrary, the land-breezes blow in the night, and reſt in 


the day, alternately ſucceeding each other. They ſpring up between 
fix and twelve at night, and aft till fix, eight, or ern in the morn 


ing. Dampier's Diſc, of Winds, c. 4. 
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too far to take notice of all particulars (7). Leav- 
ing therefore the winds, I proceed, in the next 
place, to the clouds and rain. 


(/) One thing more I believe ſome of my friends will expe& 


from me is, that I ſhew the reſult of comparing my own ob- 


ſervations of the winds, with others they know I have from 
Ireland; Switzerland, Italy, France, New-England, and fore 
of our parts of England. But the obſervations being; ſome of - 
them, but of one year, and moſt of the reſt of but a few years, 
J have not been able to determine any great matters. The 
chief of what I have obſerved is, that the winds in all theſes 
places ſeldom agree; but when they moſt certainly do fo, it is 
commonly when the winds are ſtrong, and of long continuance 
in the ſame quarter: and more, I think, in the northetly and 
eaſterly, than other points. Alſo, a ſtrong wind in one place, 

is oftentimes a weak one in another place, or moderate, accord-/ 
ing as places have been nearer or farther diſtant. Vide Pha. 
Tranſat. No. 297 and 321, But to give a good and tolerable 

account of this, or any other of the weather, it is neceſlary to 
have good hiſtories thereof from all parts; which as yet we 
have but few of, and they imperſ.ct, for want of longer and 

ſufficient obſervations, | 
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CHAP. III. 
Of the Clouds and Rain. 


* 


nz Clouds and Rain (a) we ſhall find to be no 

leſs uſeful meteors than the laſt mentioned; 
as is manifeſt in the refreſhing pleaſant ſhades which 
the clouds afford, and the fertile dews and ſhowers 
Which 


4 (a) Clouds and rain are made of vapours raiſed from water, 
vr. moiſture only. So that I utterly exclude the notion of dry, 
terrene exhalations, or fumes, talked much of by moſt philoſo- 
phers ; fumes being really no other than the humid parts of bo- 
dies reſpectively dry. 

Theſe vapours are demonſtratively no other than ſmall bub- 
bles, or veſiculz detached from the waters by the power of the 
ſolar, or ſubterraneous heat, or both. Of which ſee Book ii. 
chap. v. note (b). And being lighter than the atmoſphere, are 
buoyed up thereby, until they become of an equal weight there- 
with, in ſome of its regions aloft in the air, or nearer the earth ; 
m which thoſe vapours are formed into clouds, rain, ſnow, hail, 
lightning, dew, miſts, and other meteors. 

In this formation of meteors the grand agent is cold, which 
commonly, if not always, occupies the ſuperior regions of the 
air; as is manifeſt from thoſe mountains which exalt their lofty 
tops into the upper and middle regions, and are always covered 
with ſnow and ice. | 
This cold, if it approaches near the carth, preſently precipi- 

tates the vapours, either in dess; or, if the vapours more co- 
piouſly aſcend, and ſoon meet the cold, they are then condenſed 
into my/ling, or elſe into ſhowers of ſmall rain, falling in nume- 
rons, thick, {mall drops: but if thoſe vapours are not only copi- 
ous, but alſo as heavy as our lower airitſelf, (by reaſon that their 
| bladders 
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which they pour down on the trees and 'plants, 
which would languiſh and die with perpetual 
drought, 


| bladders are thick and fuller of waters) 5 in this caſe they become 
viſible, ſwim but a little height above the earth, and make what. 
we call a miſt or fog. But if they are a degree lighter, ſo as to 
mount higher, but not any great height, as alſo meet not with 
cold enough to condenſe them, nor wind to dillipate them, they 
then form an heavy, thick, dark ſy, laſting oftentimes for ſeve- 
ral weeks without either ſun or rain. And in this caſe, - 
have ſcarce ever known it to rain, till it hath been fig fair, 
and then foul. And Mr. Clarke, (an ingenious. clergyman of 
' Norfolk,) who in his lifetime, long before me, took notice of it, 
and kept a regiſter of the weather for thirty years, which his 
learned grandſon Dr. Samuel Clarke put into my hands, he (I 
Yay) faith, he ſcarce ever obſerved the rule to fail in all that time; 
only he adds, I the wind be in ſome of the eaſterly points, But I 
have obſerved the ſame to happen, be the wind where it will. 
And from what hath been ſaid, the caſe is eaſily accounted for, 
wiz. whilſt the vapours remain in the ſame ſtate, the weather 
doth ſo too. And ſuch weather is generally attended with 
moderate warmth, and with little or no wind to diſturb the 
vapours, and an heavy atmoſphere to ſupport them, the baro- 
meter being commonly high then, But when the cold ap- 
proacheth, and by condenſing drives the vapours into- clouds 
or drops, then is way made for the ſan-beams, till the ſame 
vapours, being by further condenſation formed into rain, fall 
down in drops. 

The cold's approaching the vapour, and conſequeiely the 
alteration of ſuch dark weather I have beforehand perceived, by 
ſome few ſmall drops of rain, hail, or ſnow, now and then falling, 
before any alteration hath been in the weather ; which I take to - 
be from the cold meeting ſome of the ſtraggling vapours, or the 
uppermoſt of them, and condenſing them into. drops, before it 
arrives unto, and exerts itſelf upon the main bodyof vapours below. 

I have more largely than ordinary inſiſted upon this part of the 
weather, partly as being ſomewhat out of the way ; but chiefly, 
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drought, but are hereby made verdant and flouriſh- 


ing, gay and ornamental; ſo that (as the Pſalmiſt 
ſaith, 


"becauſe it gives light to many other phenomena of the weather. 

Particularly we may hence diſcover the original of clouds, rain, 
hail, and ſnow ; that they are vapours carried aloft by the gravity 
of the air, which meeting together ſo as to make a fog above, 
they thereby form a elaud. If the cold condenſeth them into 
drops, they then fall in rain, if the cold he not intenſe enough to 
freeze them : but if the cold freezeth them jn the clouds, or in 
their fall through the air, they then become hgi/ or ſnow, 

As to lightning, and other enkindled yapours, I need ſay little 
in this place, and ſhall therefore only obſerve, that they owe alſo 
their riſe to vapours ; but ſuch vapours as are detached from mi- 
neral juices, or at leaſt that are mingled with _ and are fired 


by fermentation “. 
* Another 


— 

„At the time when our author wrote, clefricity, which 
now forms ſo conſiderable a part of natural ſcience, was'known 
only in the trifling phenomena exhibited by amber, roſin, and 
vitrous ſubſtances, attracting minute particles of matter when 
rubbed, It was not till 1745 that the method of collefting the 
electrical fluid by means of the Leyden phial was diſcovered ; 
and it was ſo late as 1950, that Dr. Franklin, from ſome: hints 
of the Abbé Nollet, Mr. Winkler, and others, of the reſem- 
blance between the phenomena of electricity and thoſe of thun- 
der, aſcertained. the fact of their identity, by producing all the 
electrical phenomena from lightning drawn from the clouds by a 
pointed rod, or armed paper kite. Since that time an infinite 
number of experiments have ſhewn that the electrie fluid is dif- 
fuſed through all Nature, and is an active agent in moſt of her 
operations. The formation of clouds and their motion; thun- 
der and lightning; the aurora borealis ; earthquakes, 'volca- 
noes ; and in many caſes, probably, the phenomena of rain, hail, 
and ſnow, in a great degree, depend on the option of this all- 
pervading fluid, I ſhall, therefore, be eaſily excuſed for reſuming 

| the 


| 


* 
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faith, P/al. ev. 12, 13.) The little hills gutes on 


Another phenomenon reſolvable from what hath been {aid is, 
why a cold, is always a wet ſummer, viz, becauſe the vapour 
riſing plentifully then, are by the cold ſoon collected into rain. 
A remarkable inſtance of this we had in the ſummer of 1708, 


part of which, eſpecially about the ſolſtice, was much colder than 


uſual. On June 12, it was ſo cold, that my thermometer was 


near the, point of hoar froſt, and in ſome places I heard there was 


an hoar froſl ; and during all the cool weather of that month, we 
had frequent and large rains, ſo that the whole month's rain 
amounted to above two inches depth, which is a large quantity 


for Upminſter, even in the wetteſt months. And not only with 
us at Upminſter, but in other places, particularly at Zurich in 


Switzerland, they ſeem to have had as unſeaſonable cold and wet 
as we. Fuit hic menſis, preter modum humidus, & magno guidam 
vegetabililus hominibuſque damno. Multum computruit fanum, 8&c,— 
% This month was beyond meaſure watery, and extremely de- 
trimental to vegetables, and hurtful to the human ſpecies. The 
hay became rotten,” &c.—comphins the induſtrious and learned 


Dr. F. F. Scheuchzer : of which, and other * have * 
given a larger account in Phil. Tranſ. No. 32 1. 
Is which Tranſation I have obſerved farther, that about the 

equinoxes we (at Upminſter atleaſt) have oftentimes more rain 


than at other ſeaſons, The reaſon of which is manifeſt” from 
what hath been ſaid, vis. in ſpring, when the earth and waters 
are-looſed from the brumal conſtipations, the vapours ariſe.in 
great-plenty : and the like they do in autumn, when the ſummer 
heats, that both diſſipated them, and warmed the ſuperior regions, 
are abated ;' and then the cold of the ſuperior regions meeting 
them, ada them into ſhowers, more plentifully than. at 

other 

— ——— . 

the conſideration of this ſubje& ina note at the concluſion of this 
firſt Book, in which I ſhall endeavour briefly to enumerate” the 
various uſes and operations of the electrical fluid in the ſyſtem 
'of nature at large. Ebi rox. 


. 


fountains and . Ong and the rains, as 
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And if to theſe uſes, we ſhould add the origin of 


ſome 


other ſeaſons, when either the vapours are ſewer, or the cold that 
is to condenſe them is leſs, 

The manner how vaponrs are precipitated by the cold, or res 
duced into drops, I conceive to be thus: vapours being, as I ſaid, 
no other than inflated ve/iculz of water; when they meet with a 
colder air than what is contained in them, the contained air is re- 
duced into a leſs ſpace, and the watery ſhell or caſe rendered 
thicker by that means, ſo as to become heavier than the air, by 
which they are buoyed up, and conſequently they mult needs fall 
down. Alſo many of thoſe thickened vgſculæ run into one, and 
ſo form drops, greater or ſmaller, en to the quantity of 
vapours collected together. 

As to the rain of different places, I have i in Tome of our 7 ranſ- 
adions aſſigned the quantities; particularly in the laſt cited Tranſ 
ation, I have aſſigned theſe, viz. the depth of the rain one year 
with another, in Engliſʒ meaſure, if it was to ſtagnate on the 
earth, would amount unto, at Townly in Lancaſhire, 42 inches 
and a half; at Upminſter in Eſſex 19 inches and a quarter; at 
Zurich in Switzerland 32 inches and a quarter; at Piſa in Haly 


43 inches and a quarter; at Paris in France 19 inches; and at 


Liſte in Flanders 24 inches. 
It would be endleſs to reckon up the bloody and other * 4 
rains taken notice of by hiſtorians, and other authors, as præ- 
ternatural and ominous accidents; but which, if ſtrictly pried into, 
will be found owing 1 to natural cauſes : of which, for the reader's 
ſatisfaRion, I will give an inſtance or two; A. bloody rain was 
imagined to have fallen in France, which put the country people 
into ſo great a fright, that they left their work in the fields, and 
In great haſte flew to the neighbouring houſes, Peireſe (then in 


the neighbourhood) ſtrictly inquiring into the cauſe, found it to 


be only red drops coming from a ſort of butterfly that flew about - 
In great numbers at that time, as he concluded from ſeeing ſuch 
red drops come from them ; and becauſe theſe drops were laid, 
Non ſupra at, non in Has lapidum ſuperficiebus, uti debuerat 


conlingerey 
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come of the moſt eminent modern philoſophers (5) 
have done, we ſhould have another inſtance of the 
great uſe and benefit of that meteor. | 


And 
contingere, fi & calo . pluiſſet ; ſed i in. ſubcavis potius & in 
foraminibus.— Acceſſit, quad parieter tis tingebantur, non qui in 
mediis oppidis, ſed qui agrorum vicini erant, neque ſecundiim partes 
elatiores, ſed ad mediocrem ſolum altitudinem, quantam volitare papi- 
liones ſolent.—“ Not upon the houſe-tops, nor on the hollow 
ſurfaces of ſtones, as muſt have happened if the bloody ſhower. 
had fallen from the atmoſphere ; but on the contrary, in co- 
vered holes and cavities. It happened, moreover, that ſuch walls 
only were ſtained with theſe drops as were adjoining to the 
fields, not ſuch as were in the midſt of towns ; and thoſe were not 
tinged in the higher parts, but only to a moderate height; ſo 
high as the butterflies are wont to fly. "gn: 4 in Vit. 8 
L 2. p. 156. 

So Dr. Merret ſaith alſo, Pluvia ſanguinis quam certiſſime con- 
fat efſe tantim inſectorum excrementa ; pluvia tritici nibil aliud efſe 
quam heder bacciſeræ grana d flurnis devorata excretaque compa» 
ranti quam liguidiſſimè patet,—** It is known for certain that thoſe 
| blbody ſhowers are nothing elſe than the excrements of inſects: 
and it is evident, upon comparing them together, that the 
ſhowers of wheat are only the ſeeds of the berry-bearing ivy, 
after they have been devoured by the ſtarlings and evacuated.” — 
Pinax Rerum, &c. p. 220. 

The curious Worm tells of the raining of brimſtone, an. 1646, 
Maii 16. Hic Hafnie cùm ingenti pluvid tota urbr, omneſque ita 
inundarentur platee, ut greſſus hominum impediret. ſulphureoque odore 
ac rem inficeret, dilagſis aliguantulum aquis, quibuſdam in locis cols 
ligere licuit ſulphureum pulverem, cujus portionem ſervo, colore, odor, 
& aliis verum ſulphur ferentem —»** Here, at Copenhagen, when 
the whole town was overflowed by a great fall of rain, ſo that the 
ſtreets became impaſſable, the air was infected with a ſulphu- 
reous ſmell; and when the waters were a little ſubſided, one 
might have collected in ſome places a ſulphureous powder, of 
which I have preſerved a part; and which in colour, ſmell, and 

vor. 1. D every 
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B. I. 
And now, if we reflect upon this neceſſary ap- 
png of the terraqueous globe, the atmoſþhere ; 
and 

every other quality appeared to be real ſulphur.” — Muf. Worm. 
L 1. c. 11. ſect. 1. 
Together with the rain we might take notice of other me- 
teors, particularly ſnow ; which although an irkſome gueſt, yet 
hath its great uſes, if all be true that the famous T. Bartholin 


faith of it, who wrote a book de Nivis Uſu Medico. In which 
he ſhews of what great uſe ſnow is in fructifying the earth, pre- 


| ſerving from the plague, curing fevers, colics, headaches, tooth- 


aches, ſore eyes, pleuriſies, (for which uſe he ſaith his country- 
women of Denmark keep ſnow-water gathered in March,) alſs 
in prolonging life (of which he inſtanceth in the Alpine inhabit- 
ants, that live to a great age) and preſerving dead bodies; in- 
ſtances of which he gives in perſons buried under the ſnow in 
paſſing the Alps, which are found uncorrupted in the ſummer, 
when the ſnow is melted ; which ſad ſpectacle he himſelf was an 
eye-witneſs of. And at Spitzberg in Greenland, dead bodies re- 
main entire and uncorrupted for thirty years. And laſtly, con- 
cerning ſuch as are ſo preſerved when ſlain, he ſaith they re- 
main in the ſame poſture and figure : of which he gives this 
odd example. Viſum id extra urbem noſtram [ Hafniam] guum, 
11 Feb. 1659, oppugnantes hoftes repellerentur, magndque flrage 
occumberent ; alli enim rigid: iratum vultum oftendebant, alit oculos 
elatos ; alli ore diducto ringentes, alii brachiis extenſit gladium minari, 
alli alio ſitu proftrati jatebant,—** That was ſeen without the walls 


of our city (Copenhagen), when, on the 11th February 165g, 


the beſiegers were repulſed and cut to pieces with great ſlaughter, - 


Some of the ſtiffened bodies of the dead exhibited ſtill an angry 
countenance z-ſome had their eyes lifted up; ſome grinned with 


their extended mouths ; others with outſtretched arms brandiſhed 


their ſwords ; ſome, in ſhort, lay in one poſture, and ſome in an- 
other. —Barthol. de Uſu Niv. c. 12. 


But although ſnow be attended with the effects here named, 


and others ſpecified by the learned Bartholin g yet this is not to 


be attributed to any peculiar virtue in the ſnow, but ſome other 
| cauſe, 
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and conſider the abſolute neceſſity thereof to many 
uſes of our globe, and its great convenience to the 
13 whole ; 


cauſe. Thus when it is ſaid to ſruZify the earth, it doth ſo by 
guarding the corn or other vegetables againft the intenſer cold 
of the air, eſpecially the cold piercing winds; which the huſ- 
bandmen obſerve to be the moſt injurious- to their corn of all 
weathers. 80 for conſerving dead bodiet, it doth it by conſti- 
pating fuch bodies, and preventing all ſuch fermentations or in- 
ternal conflicts · of their particles, as would praduce corruption. 
Such an example as the preceding is ſaid to have happened 
ſome years ago at Paris, in digging in a cellar for ſuppoſed 
hidden treaſure ; in which, after digging ſome hours, the maid 
going to call her maſter, found them all in their digging poſtures, 
but dead. This being noiſed abroad, brought in not only the 
people, but magiſtrates alſo, who found them accordingly ; 4 
qui ligone terram effoderat, & ſocius qui pald effoſſum terram remo- 
verat, ambo pedibus flabant, quaſi ſuo quiſque operi afſixus incubuiſſet ; 
uxor unius quaſi ab opere defeſſa in ſcamno, ſolicito guadam vultu, ſe 
d-bat, inclinato in palmam manizs genibus innitentis capite ; puerulus 
laxatis brascis in margine excavate foves defixis in terram oculis 
alvum exonerabat ; omnes in naturali fitu, carnee tanquam flatue ris 
gidi, apertis aculis & wvultu vitam quaſi reſpirante, exanimes ſlaban.— 
« He that was digging the earth with a ſpade, and his, com- 
rade who was removing it with a ſhovel, both ſtood on their feet, 
as if intent upon their work. The wife of one of them, to ap- 
pearance tired with working, was fitting on a bench with an 
anxious countenance, leaning her head againſt the palm of her 
hand, her arm reſting on her knees; a little boy with his breeches 
down, fat in a corner of the cellar eafing himſelf, his eyes fixed 
on the ground: all remained in their natural poſture, dead and 
tiff, like ſo many ſtatues of fleſh, with their eyes open, and with 
the faces of people apparently alive.” Dr. Bern. Connor, Diſ- 
fert. Med. Phyſ. p. 15, | 
The doctor attributes all this to cold; but I ſcarce think 
there could be cold enough to do all this at Paris, and in a cellar 


too. But hisfollowing ſtories are not improbable, of men andcattle 
D2 killed 
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in a word, that it anſwereth all the 


the contrivance, the work of the great Creator? 
Who would ever ſay or imagine ſuch a body, ſo dif- 

ferent from the globe it ſerves, could be made by 

chance, or be adapted ſo exactly to all thoſe fore- 

mentioned grand ends, by any other efficient than 
by the power and wiſdom of the infinite God! 

Who would not rather, from ſo noble a work, 
readily Pd the workman (c), and as eaſily 
conclude 


killed with cold, that remained in the very ſame poſture in which 
they died; of which he gives, from a Spani/h captain, this inſtance, 
that happened two years before, of a ſoldier who unfortunately 
ſtraggled from his company that were foraging, and was killed 
with the cold, but was thought to have fallen into the enemy's 
hands. But ſoon after their return to their quarters, they ſaw 
their comrade returning, ſitting on horſeback, and coming to con- 
gratulate him, found him dead, and that he had been. brought 
thither in the ſame poſture on horſeback, notwithſtanding the 
jolting of the horſe. 749. p. 18. 

_ (5) Of this opinion was my late moſt ingenious and learned 
friend, Mr. Ray, whoſe reaſons ſee in his Phyſico-Theolog. Dif 
courſes, Diſc. 2. c. 2. p. 89, Oc. Bo alſo my no leſs learned and 
ingenious friends, Dr. all, and the late Dr. Hool, many of 
the French virtuoſo's alſo, and divers other very conſiderable men 
before them, too many to be ſpecified here. 

() An Polycletum quidem admirabimur propter partium flatug— 
convenientiam ac proportionem ? Naturam autem non modo non lau- 
dabimus, fed omni etiam arte privabimus, que partium Proportionem 
non folum extrinſecus more flatuariorum, ſed in prof undo etiam ferva- 
vit? Nonne & Polycletus ipfe Nature eft imitator, in quibus ſullem cam 

otuit imitari ? Potuit autem in ſolis externis partibus in quibus artem 
confideravit. With much more to the like purpoſe „ Shall 
| . we 
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conclude the atmoſphere to be made by God, as an 


inſtrument wrought by its power, 'any pneumatic 
engine, to be contrived and made by man ! . 


we admire the art of Polycletus for the excellent proportions and 
aptitude of the parts in his ſtatues ? And ſhall we not only refuſe 


our admiration, but even deny all art or contrivance to Nature, 
who in her works, hath not only preſerved with the {kill of a 
ſtatuary the external proportions, but faſhioned them likewiſe 
ſo exquiſitely within? Is not Polycletus himſelf but an imita- 


tor of Nature, and in thoſe points alone, in which ſhe can be imi- 


tated ? for he could imitate her only in thoſe external parts, in, 
which her ingenuity was open to view.” Galen de U/. Part. 
. 17. Co Is 
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CHAP. IV. 
Of Light. 


N wy 
HUS much for the firſt thing miniſtering to the 
terraqueous globe, the atmoſphere and its me- 
teors; the next appendage is light (a). Concerning 
which, I have in my ſurvey of the heavens (5) 
ſhewed what admirable contrivances the infinitely 
wiſe Creator hath for the affording this noble, glo- 
rious, and comfortable benefit to other globes, as 
well as ours ; the proviſion he hath made by moons, 
as well as by the ſun, for the communication of 
it. 


(a) It is not worth while to enumerate the opinions of the 
Ariſlotelians, Carięſiaus, and others, about the nature of light, 
Ariſtotle making it a quality; Cartes a pulſion, or motion of the 
globules of the ſecond element. Vide Cartes Princip. p. 3. 
ſect. 55, Oc. But with the moderns, I take light to conſiſt of 
material particles, propagated from the ſun, and other luminous 
bodies, not inſtantaneouſly, but in time, according to the notes 
following in this chapter. But not to inſiſt upon other argu- 
ments for the proof of it, our noble founder hath proved the ma- 
teriality of light and heat, from actual experiments on ſilver, cop- 
per, tin, lead, ſpelter, iron, tutenage, and other bodies, expoſed 
(both naked and cloſely ſhut up) to the fire: all which were 
conitantly found to receive an increment of weight. I wiſh he 
could have met with a favourable ſeaſon to have tried his experi- 
ments with the ſun-beams as he intended. Vid Boyle“ Exp. to 
male Fire and Flame ponderable, | | 
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And now let us briefly conſider the great neceſ- 
ſity and uſe thereof to all our animal world. And 
this we ſhall find to be little leſs than the very life 
and pleaſure of all thoſe creatures. For what be- 
nefit would life be of, what pleaſure, what comfort 
would it be for us to live in perpetual darkneſs? 
How could we provide ourſelves with food and ne- 
ceſſaries? How could we go about the leaſt buſineſs, 
correſpond with one another, or be of any uſe in the 
world, or any creatures be the ſame to us, without 
light, and thoſe admirable organs of the body, which 
the great Creator hath adapted to the perception of 
that great benefit? 
But now by the help of this admirable, this firſt | 
made (c), becauſe molt neceflary, creature of God; 
by this, I ſay, all the animal world is enabled to go 
here and there, as their occaſions call; they can 
tranſact their buſineſs by day, and refreſh and re- 
cruit themſelves by night with reſt and ſleep. 
They can with admiration and pleaſure behold the 
glorious works of God; they can view the glories 
of the heavens, and ſc2 the beauties of the flowery 
fields, the gay attire of the feathered tribe, the ex- 
quiſite garniture of many quadrupeds, inſects, and 
other creatures; they can take in the delightſome 
landſcapes of divers countries and places; they can 


Voith admiration ſee the great Creator's wonderful 


art and contrivance in the parts of animals and ve- 


(e) And God ſaid, Let there be light, and there was light 


Gen, i. 3. 
e getables: 
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getables: and, in a word, behold the harmony of 
this lower world, and of the globes above, and 
ſurvey God's exquiſite workmanſhip in every 
creature“. 

To all which I might add the improvements 
which the ſagacity of men hath made of this noble 
creature of God, by the refractions and reflections 
of glaſſes. But it would be endleſs to enumerate all 
its particular uſes and benefits to our world. 

But before I leave this point, there are two things 
concerning light, which will deſerve an eſpecial re- 
mark ; and that is, its ſwift and almoſt inſtantaneous 
motion, and its vaſt extenſion. 

1. It is a very great act of the providence of God, 
that ſo great a benefit as light is, is not long in its 
paſſage from place to place. For was the motion 
thereof no ſwifter than the motion of the ſwifteſt 
bodies on earth, ſuch as of a bullet out of a great 
gun, or even of a ſound (d), (which is the ſwifteſt 

motion 


4) It may not be ungrateful to the alltel to take notice of 
the velocity of theſe two things. 

According to the obſervations of Merſennur, a bullet-ſhot out 

of a mo gun, flies 92 fathom in - ſecond of time, (vide Merſen, 


Bali.) 


The green colour of plants depends entirely on the ſun's 
light being allowed to ſhine upon them, for when growing in a 
dark place they are perfectly white, An experiment has like- 
wiſe been tried whether a conſtant and ſtrong light from a great 
number of lamps, kept continually burning, might not have the 
ſame effect as the day-light, but the plants remained quite co- 
lourleſs as thoſe growing in the dark. EviTox. 
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motion we have next light,) in this caſe light 


would take up, in its progreſs from the ſun to us, 
above thirty-two years, at the rate of the firſt ; and 
above ſeventeen years, at the rate of the. latter 
motion. 

The inconveniencies of which would be, its 
energy and vigour would be greatly cooled and 
abated; its rays would be leſs penetrant ; and dark- 
neſs would with greater difficulty and much flug- 
giſhneſs be diſſipated, eſpecially by the fainter | 
lights of our ſublunary luminous bodies. But paſſ- 
ing with ſuch prodigious velocity, with nearly the 
inſtantaneous ſwiftneſs of almoſt two hundred thou- 
ſand Engliſb miles in one Noone of time (e), or 

(which 


Baliſt.) which is equal to 589 ZEngl/b feet and a half, and ac- 
cording to the computation of Mr. Huygens, it would be 25 
years in paſſing from the earth to the ſun. But according to 
my own obſervations made with one of her late Majeſty's 
ſakere, and a very accurate pendulum-chronometer, a bullet; at 


11s firſt diſcharge, flies 510 yards in five. half ſeconds, which is | 


a mile in a little above 17 half ſeconds. And allowing the 
ſun's diſtance to be, as in the next note, a bullet would be 32 
vears and a half in flying, with its utmoſt velocity, to the 
fun. 

As to the velocity of ſound, ſee book 4. chap. 3. note 28, ac- 
cording to which rate there mentioned, a ſound would be near 
17 years and a half in flying as far as the diſtance is from the 
earth to the ſun, Confer here the experiments of the Acad. 
del Ciment. p. 140, Ce. 

(e) Mr. Romer's ingenious hypotheſis about the velocity of 
light, hath been eſtabliſhed by the Royal Academy, and in the 
Obſervatory for eight years, as our Phil. Tranſ. No. 136, ob- 
ſerve from the Journ. des Scavans 5 our moſt eminent aſtrono- 
mers. 
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(which is the ſame thing) being but about ſeven or 
eight minutes of an hour in coming from the ſun 
to us, therefore with all ſecurity and ſpeed, we re- 
ceive the kindly effects and influences of that 
noble and uſeful creature of God. | 
2. Another thing of great conſideration about 
light is, its vaſt expanſion, its almoſt incompre- 
henſible and inconceivable extenſion, which, as a 
hte mgenious author (/) faith, © Is as boundleſs 
„ and unlimited as the univerſe itſelf, or the ex- 
* panſum of all material beings: the vaſtneſs of 
& which is ſo great, that it exceeds the comprehen- 


mers alſo in England 2 it: but Dr. Hool thinks with Mon- 
fieur Cartes, the motion of light inſtantaneous, Hoot's Poſt. 
Works, p. 77. And this he endeavours to explain, þ 130, Sc. 

What Mr. Romer's hypotheſis is, may be ſeen in the Phil. 
Trunſ. before cited; as alſo in the before · commended Sir Iſaac 
Newton's Optics : Light is propagated from luminous bodies in 
dime, and ſpends about ſeven or eight minutes of an hour in paſſing 
from the ſun to the earth. This was firſt obſerved by Romer, and 
thru by athers, by means of the ecli ipſes of the ſatellites of Jupiter. 
Fer theſe eclipſer, when the earth is between the ſun and Jupiter, 
Bappen about ſeven or eight minutes ſooner than they ought to do by 
the tablet z and when the earth ts beyond the fun, they happen about 
ſeven or eight minutes later than they ought to do : the reaſon being, 
that the light of the ſatellitet hath farther to go in the latter cafe 
than in the former, by the diameter of the earth*s orbit. Newt. 
Opt. I. 2. part 3. prop. 11. 

| Now foraſmuch as the_diſtance between the ſun and the 
earth (according to the computations in my Aftro-Theology, 
J. 1. ch. 3. note 2. i is 86,051,398 Engliſb miles ; therefore, at the 
rate of 8 minutes and a half, or 450 ſeconds, in paſſing 
from the ſun, light will be found to fly above 191,225 miles in 
one ſecond of time, 

( Dr. Hook's Poſthumous Works, Led. of Light, p. 76. 

4 ſions 
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a r of man's underſtanding. Infomuch, that 
very many have aſſerted it ablolutely infinite, 

& and without any limits or bounds.” 

And that this noble creature of God is of this 

extent (g), is manifeſt from our ſeeing ſome of the 

fartheſt diſtant objects, the heavenly bodies, ſome 


() For the proof of this vaſt extent of light, I ſhall take 
the computation of the ſame great man, p. 77.  {}, faith he, 
awe conſider firſt the vaſt diſtance between us and the. ſun, which, 
from the befl and leteft obſervations in aſtronomy, is judged to be 
about 10,000 diameters of the earth, each of which is about 1925 
Engliſh miles; ay the ſun's diſtance is 1,925,000 milet ; and 
if we conſider, that, according to the obſervations which [ 
to prove the mation of the earth, (which were obſeryations of the 
parallax of ſome of the fixed ſtars in the head of Draco made 
in 1699.) the whole diameter of the orb, viz.” 20,000, made the 
ſubtenſe but of one minute to one of the fixed flars, which cannot 
therefore be leſs diſtant than 3438 diameters of this great orb, and 
conſequently 68,760,000 diameters of the earth : and if this flar be 
one of the neareſt, and that the flars that are of one degree leſſer in 
magnitude ( 1 mean not of the ſecond magnitude, becauſe there may be 
many degrees betzveen the firſt and ſecond) be as much farther ; and 
another ſort yet ſmaller be three times as far ; and a fourth four 
times as far, and ſo onnvard, poſſibly to ſome 100 degrees of magni-« 
tude, ſuch as may be diſcovered by longer and longer teleſcopes, that 
they may be 100 times as far ; then certainly this material expanſion, . 
a part of which we are, muſt be fo great, that it will infinitely ex- 
ceed our Shallow conception to imagine. Now, by cbt [ laſt men- 
tioned, it is evident, that light extends itſelf to the utmoſt imagin- 
able paris, and by the help of teleſcopes wwe collect the rays, and 
make them ſenſible to the eye, which are emitted from ſome of the 
almoſt inconceivably remote objet, &c. Nor is it only the great 
body of the ſun, or the vaſt bodies of the fixed flars, that are thus 
able to diſperſe the light through the vaſt expanſum of the univerſe ; 
but the ſmalleſt ſpark of a lucid body muſt do the very ſame thingy 
even the ſmalleſt globule flruck from a fltel by a flint, &c. 

with 
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with our naked eye, ſome with the help of op- 
tical inſtruments, and others in all probability far- 
ther and farther, with better and better inſtru- 
ments: and had we inſtruments of power equiva- 
lent to the extent of light, the luminous bodies of 
the utmoſt parts of the univerſe * for the 
ſame reaſon, be viſible too. 

Now as light is of greateſt uſe to empower 
us to ſee objects at all, ſo the extenſion thereof is 
no leſs uſeful to enable us to ſee objects afar off. 
By which means we are afforded a ken of thoſe 
many glorious works of the infinite Creator, viſible 
in the heavens, and can improve them to ſome of 
the nobleſt ſciences, and moſt excellent uſes of 
aur own globe. | 


[4] 


CHAP. v. 
Of Gravity. 


Tur ud thing ſubſervient to our globe, that 
| I ſhall take notice of, is Gravity (a); or, that 
tendency which bodies have to the centre of the 


earth. | 
In 

(a) That there is ſach a thing as Gravity, is manifeſt from 
its effects here upon earth; and that the heavenly bodies attract 
or gravitate to one another, when placed at due diſtances, is 
made highly probable by Sir //aac Newton, This attractive ar 
gravitating power, I take to be congenial to matter, aud im- 
printed on all the matter of the univerſe by the Creator's fiat 


at the creation, What the cauſe of it is, the Neevtonian Phils- 
epi doth not pretend to determine for, want of phanomena, 


upon which foundation it is that that philoſophy is grounded, 


and not upon chimerical and uncertain hypotheſis : but hat- 
ever the cauſe is, that cauſe penetrates even to the centres of the ſun 
and planets, without any diminution of its virtue; and it afteth nat 
according to the ſuperficies of bodies, (as mechanical cauſer do, but 
in proportion to the quantity of their ſolid matter: and laſtly, # 
aReth all round it at immenſe diſtances, decreaſing in duplicate pro- 
portion to thoſe diſlancer, as Sir Iſaac Newton ſaith, Princip. pag. 
ult, What uſeful deductions, and what a rational philoſophy, 
have been drawn from hence, may be ſeen in the fame book. 


This attraction, or gravity, as its force is in a certain pro- 
portion, ſo it makes the deſcent af bodies to be at a certain rate. 
| And was it not for the reſiſtance of the medium, all bodies 
would deſcend to the earth at the ſame rate; the lighteſt down, 
as ſwiftly as the heavieſt mineral : as is manifeſt in the air-pump, 
in which the lighteſt feather, duſt, Ge. and a piece of lead, 

drop 


- 
—_— 


* 
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** my Alero- Theology, book 6. ch. 2. I have 
ſhewn of what abſolute neceſſity, and what a 
noble contrivance this of gravity is, for keeping 


the 


drop down ſeemingly in the ſame time, from the top to the 
bottom of a tall exhauſted receiver. 

The rate of the deſcent of heavenly bodies, according to 
Galileo, Mr. Huyghens, and Dr. Halley (after them) is 16 feet 
one inch in one ſecond of time; and in more ſeconds, as the 
ſquares of thoſe times. But in ſome accurate experiments made 
in St. Paul's dome, June 9, 1710, at the height of 220 feet, 
the deſcent was ſcarcely 14 fect in the firſt ſecond. The expe- 
riments were made in the preſence of ſome very conſiderable 
members of the Royal Society, by Mr. Hawkſbee, their ope- 
rator, with glaſs hollow balls, ſome empty, ſome filled with 
quickſilver, the barometer at 297, the thermometer 60 degrees 
above freezing. The weight of the balls, their diameters, and 


time of the deſcent, is in this table. 


Balls filled with | quickſilver. Empty balls. 

"Weight. Diameter. Ti ime. Weight. | Diameter. Time, 

ö Grains. — Hef Seconds, | Grains, Inch. 1 Tenth. |Haif Seconds, 
os | 7 5105 | 1 . 

+ ; 8 leſs. 642 s$ | 16 

t $8 3 8 599 8 I 16 

22427 7 & half | 2 mote. 5315 8 nearly 16 & half 

3808 7 & half | 8 483 5 nearly 17 | 
| | 784 7 & half | % more. 641 s | 3 16 


The reaſon why the heavy, full balls fell in half the time 
of the hollow ones, was the reſiſtance of the air: which reſiſt- 
ance is very ingeniouſly and accurately aſſigned by Dr. Wallis, 
in Philaſ. Tranſ. No. 186. And the cauſe of the reſiſtance of 


all fluids (as Sir [aac Newton, Opt. Q. 20,) is partly from 
the frifion of the parts of the fluid, partly from the inertia 


thereof. The reſiſtance a ſpherical body meets with from fric- 
tion, is as the right angle under the diameter, and the velocity 
of the moving body: and the reſiſtance from the vis e, is 


. 
2 For 


c. v. OF GRAVITY. 47. 


the ſeveral globes of the univerſe from ſhattering 
to pieces, as they evidently mult do in a little time, 
by their ſwift rotation round their own axes (6). 
The terraqueous globe particularly, which circum- 
volves at the rate of above 1000 miles an hour (c) 
__ would, 


For a farther account of the properties and proportions, ff, 
of Gravity, in the fall or projection of bodies, I ſhall refer ts 
the larger accounts of Galileus, Torricellius, Huygens, Sir Iſaat 
Newton, &c.; or to the ſhorter accounts of Dr. Halley, in Philo- 
ſopb. Tranſ. abridged by Mr. Lowthorp, vol, i. p. 5613 or Dr. 
Clarke, in his notes on Robault. Phyſ. 2. c. 28. ſe. 13, 16. 
And for the reſiſtance of fluids, I refer to Dr. Walks, before 
cited, and the Ad. Erudit. Lipſ. May 1693, where there is a 
way to find the force of mediums upon bodies of different 
figures. 

105 That the heavenly bodies move round their own axes, is, 
beyond all doubt, manifeſt to our eye, in ſome of them, from 
the ſpots viſible on them. The ſpots on the ſun (eaſily viſible 
with an ordinary glaſs) do manifeft him to revolve round his 
on axis in about 25 days and a quarter. The fpots on , 
Jupiter and Mars prove thoſe two planets to revolve alſo from 
eaſt to weſt, as Dr. Hook diſcovered in 1664 and 1665. And 
Venus alſo (although near the ftrong rays of the ſun) hath, 
from ſome ſpots, been diſcovered by Mr. Caſſini, in 1666 and 
1667, to have a manifeſt rotation. Vide Lowthorp's Abridge 
vol. ie p. 382, and 423, 425. And ſuch uniformity hath the 
Creator obſerved in the works of nature, that what is obſervable 
in one, is generally to be found in all others of the ſame kind. 
So that ſince it is manifeſt the ſun, and three of his planets 
whirl round, it is very reaſonable to conclude all the reſt do ſo 
too; yea, every globe of the Univerſe. 

() The earth's circumference being 25,031 miles and a half | 
(according to Book II. Chap. 2. Note (a), if we divide that into 
24 hours, we ſhall find the motion of the earth to be near 
1043 miles in an hour. Which, by the bye, is a far more rea- 

* 
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would, by the centrifugal force of that motion, be 
ſoon diſſipated and ſpirtled into the circumambient 
ſpace, was it not kept together by this noble con- 
trivance of the Creator, this natural inherent power, 
namely, the power of attraction or Gravity. 
And as by this power our globe is defended 
againſt diſſipation, ſo all its parts are kept in their 
proper place and order. All material things do 
naturally gravitate thereto, and unite themſelves 
therewith, and ſo preſerve its bulk entire (4). And 


ſonable and leſs rapid rate than that of the ſun would be, if 
we ſuppoſe the earth to {tand till, and the ſun to move round 
the earth. Tor according to the proportions in note (e) of 
the preceding chapter, the circumference of the magnus orbis 
is 540,686,225 Engliſh miles, which divided by 24 hours, gives 
22,528,364 miles in an hour. But what is this to the rapidity 
of the fixed ſtars, if we ſuppoſe them, not the carth, to move ? 
Which is a good argument for the earth's motion. 


(d) Nihil majus, quam quod ita flabilis eft mundus, atque ita 
chheret ad permanendum, ut nihil ne excogitari quidem poſit aptius. 
Omnes enim partes ejus undique medium locum capeſſentes, nituntur 
equaliter : maxime antem corpora inter ſe junda permanent, cùm 
guodam quaſi vinculo circumdata colligantur : quod facit ea natura, 
gue per omnem mundum, omnia mente, & ratione conficiens, ſunditur, 
& ad medium rapit, & convertit extrema.—* This world, is ſo 
ſtabliſhed, and remains ſo united by coheſion, that nothing can 
"be conceived more exquiſitely contrived. For all its parts have 
an equal tendency towards the centre: and bodies remain united 
by the ſame coheſion, as if bound by a chain: all which is ef- 
feed by Nature, which having formed every thing by wiſdom 
and intelligence, and extending her influence over all her works, 
| keeps the whole together by inclining them towards the 


ceutre.—Cici de Nat. Deor. I. 2. c. 45. 


12 


m v. dr oravITe; 


the. ficeting waters, the moſt unruly of 
pr, do by tha mens kep der een e. 
poiſe in the globe (e), and remain in der pls 

which, the Pſalmiſt--ſaith, God had founded for 
them ; 4 bound he had ſor, which they might not 
gry they turn not again to cover the "earth, 
Pal. civ. 8, 9. So, that even in a natural way, 
by virtue of this excellent contrivance ' of the 
Creator, the obſervation, of the Pfalmiſt is per- 


petually fulfilled, P/al. lxxxix.. 9. Thou, rug tb 


raging "of "the ſea ; eee eee e 
thou filly them. 4 


Io theſe, and an hundred other 171 5 of Gravity | 


that J might have named, I ſhall only juſt men- 
tion another thing owing to it, and ihat ia Levity(f), 
that whereby what we call light bodies ſwim, a 

thing no Teſs uſeful to the world than its oppo- 


lite, Gravity, i is in many reſpects, to divers tribes 


(00 ale ratione mare, cum ſupra res ft, ener 2 
terre locum — conglobatur undique ægualiter, neque redundat, 
unguam, ne —*+ By the ſame law, the ſea, al- 
though it TER the earth, yet always tending towards the 
Ber. of the globe, forms equally a ſpherical. ſurface, and 

neither runs off nor overflows.” —/. paulo poſt. 
That there is no ſuch thing as poſitive PR but 'that 
Levity i is only a leſs Gravity, is abundantly manifeſted by the 
acute Sig. Ab. Borelli de Mot. 2 Grav. pend.. cap. 4. See 
alſo the annotations of the learned and ingenious. Dr. Clark, on 
Rohaulti Phy. p. 1. c. 16. note 3. Allo the experiments of 
the Acatt. del Cimento, p. 118, &c. Dr. Wallis Diſcourſe f 
Gravity and Gravitation before the Rejel Society, Nox. 12, 1674s, 
e 28, c. 
* of 
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Ann fort ene a ankle nude mi 
ing up of vapour (40 ene 


about the worle. 
And now from this kenden view of 8 


chan the out · works, than the. bare appendages of 
ane nk wan 


60 1 neten n ddd th + them what mapoprs 
are, and hqy they. are rail raiſed, That which I ſhall here note, is 
their quantity; Goncerning which, the before-commended Dr. 
Ralley hath given us ſome eurious experiments in our = <5 
Tranf, which may be met with together in Mr. Zowthop's 
 Abridg. vol. ii. p.108 and 126. Monſ. Sedilean alſe at Paris oh- 
ſerved it for near. three years. By all their obſervations it ap- 
pears, that in the winter months the evaporations, are leaſt, and 

in ſummer, tod moſt of all in windy weather. And 
y Monk. Seileeu's. obſervations it appears, that what i raiſed 
vapours, exceeds that which falleth in rain, In the ſeven 
months of the year 1688, the evaporations amounted to 22 
inches die but thie ca to 10 inches ſix lines one- third: 
in 1889, the evaporations were 32 inches 10 lines and half; but 
the rain 18 inches one line: in 1690, the evaporations 30 inches 
11 Enes ; the rain 21 inches one-third of a line. Vide Mem. de 
Math. Phyſ. Am. 1692, p. 25. | 

If it be demanded, what becomes of the overplus of exhal- 
ations that deſcend not in ram? I anſwer, are partly 
tumbled down and ſpent by the winds, and y deſcend in 
dews, which amount to a greater quantity than 1 commonly 
imagined. Dr. Halley found the deſcent of vapours in dews ſo 
prodigious at Sr. Helena, that he makes no doubt to attri- 
bute the n of fountains. thereto. * And I myſelf. have 
- ſeen in * cool evening, large thick clouds banging, 
without any motion in the air, which in two or three 
hours time have been melted down by degrees, by the cold of 
the evening, ſo that not any the leaſt remains of them have 
been left, | 

5 of 


of the wiſdom, power, and goodneſs of the in- 
finite Creator, that it is eaſy to imagine the whole 
fabric is of a piece, the work of at leaſt a ſkilful 
artiſt, A man that ſhould meet with a palace (5) 
beſet with pleaſant gardens, adorned with ſtately 
avenues, furniſhed with well-contrived aqueducts, 
caſcades, and all other appendages conducing to 
convenience or pleaſure, would eaſily imagine, that 
proportionable architecture and magnificence were. 
of its wits that ſhould affert and plead, that all 
was the work of chance, or other than of ſome 
wiſe and ſkilful hand. And ſo when we ſurvey the 
bare out- works of this our globe, when we ſee ſo 
vaſt a body, accoutered with fo noble a furniture 
of Air, Light, and Gravity ; with every thing, in 
ſhort, that is neceſſary to the preſervation and ſe- 
curity of the globe itſelf, or that conduceth to the 
life, health, and happineſs, to the propagation and 
increaſe of all the prodigious variety of creatures 
the globe is ſtocked with ; when we ſee nothing 
wanting, nothing redundant or frivolous, nothing 
botching or ill- made, but that every thing, even in 
the very appendages alone, exactly anſwereth all 
its ends and occaſions: what elſe can be concluded, 
but that all was made with manifeſt deſign, and 
that all the whole ſtructure is the work of ſome 


(%) See book ii. e. it. note (e). 
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intelligent Being; ſome Artiſt of power. — an 
equivalent to ſuch a worxk? | 


nnn 
Norz on the various * of the ELectricar Fi ud in the 
general ſyſtem of nature, 

Having remarked in a former note, (at p. 30,) that at the time 
when our excellent author compoſed theſe diſcourſes, a very 
few only of the moſt trifling phenomena of electricity had been 
diſcovered ; and that it was not till towards the middle of this 
century, that the identity of the electric fluid with lightning was 
aſcertained, fince which time the reſearches of philoſophers 
have ſhewn the preſence and active influence of this fluid in 
almoſt all the phenomena and operations of nature; I ſignified 
my intention of exhibiting, in one point of view, the various 

phenomena of the natural world in which we can diſcover the 
operations of the electrical principle: a, detail material to the 
preſent work, as enabling the reader to correct ſome errone- 
ous opinions of the author, particularly in this firſt book, 
which have ariſen from the comparatively imperfect Rate of 
certain branches of natural knowledge in his time, which of 
late have been cultivated with conſiderable ardour and propor- 
tional ſucceſs, 

The experiments of Mr. Saufſure, M. Volta, ans others, g 
as ſhortly enumerated in the Encyclopedia Britannica, article 
Electricity, ſhew that this principle is concerned in the pro- 
duction of clouds, rain, hail, ſnow, &c. If water is evapo- 
rated by heat, a great portion of electrical fluid is produced. 
When vapour is condenſed into rain, a quantity of electricity 
is likewiſe produced; for clouds when falling down in rain emit 
the electrical fluid in great quantity, and in proportion to the 
maſs of water diſcharged, as we obſerve in thunder ſtorms. 
Small clouds floating in the atmoſphere, are often ſeen to at- 
tract each other and ſo meet together; after which, if they have 
been nearly of an equal fize, both will almoſt inſtantly vaniſh, 
Mur experiments concur to  thew, that the tranſparency of 

various 
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various ſubſtances depends on the vibratory motion of the elec- 
tric fluid. Thus metals, wax, and other opaque ſubſtances, 
| when the electric fluid pervades them in great quantity, become 
tranſparent. In the caſe of vapour diffuſed in the atmo- 
ſphere, therefore, as long as this vibratory motion is conti- 
nued through it, the vapour remains diſſolved and tranſpa- 
rent; but when the electric fluid runs in a ſtream, the va- 
pour loſes its tranſparency, and appears in the form it was 
originally raiſed by heat, viz. that 'of an opaque ſmoke or 
miſt. In this form the electric fluid begins to exert its 
attractive power, clouds meet each other, and reciprocally 
emit. and receive the ſurcharge of fluid which they contain; a 
colliſion, which, if violent, exhibits the phenomena of thunder 
and lightning. 

It is proved that the electric fluid and the light of the ſun 
are the ſame ; the former being no other than the ſolar light 
abſorbed by the earth, entangled among its particles, and be- 
coming ſubje& to new laws, and acting in many caſes, as if it 
were a diſtin fluid, Hence as light is the electric fluid mov- 
ing in a vibratory manner, and what we call electricity is the 
ſame fluid either in a comparatively ſtagnant ſtate, or paſſing 
violently from one place to another; the light and electricity 
become antagoniſts to each other: and as the action of light 
when augmented is heat, the former which oppoſes, i.e. the edle 
fluid moving in an oppoſite direction, is cold itſelf. The electric 
fluid, therefore, regulates the light and heat of the ſun ' 
through the whole ſyſtem, and is itſelf regulated by them, 
ſo that neither heat nor cold can ultimately predominate any 
where. 
©, The eleQric fluid is known to produce earthquakes, and to 

kigdle. volcanoes. It acts independent of the air, and can» 
not have its motions controlled by it. A ſtream of electrie 
light cannot be turned aſide by the ſtrongeſt blaſt of a bel- 
lows ; but on the contrary, if an attracting ſubſtance is pre- 
ſented on the other ſide of the blaſt, will paſs through it as 
if it had met with no oppoſition. As the ele&ric fluid, 
* acts independent of the air, and cannot have its 

1 motions 
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motions controlled by it, it is highly probable, that all 
the motions of the atmoſphere are controlled by this fluid 
alone. 

Many experiments have ſhewn, that vegetation 1s promoted 
by the electric fluid, aud obſtructed by its abſence, The Abbe 
Bertholon has ſhewn various eaſy methods of 
this fluid to vegetables by cleQrified water. | THORN 

The electric fluid exiſts in the bodies of all living animals. 
It was firſt ſenſibly aſcertained by the phenomenon of ſparks 
| iſſuing from the fur of a cat, when rubbed with a warm hand 
in the dark ; and theſe accompanied with a crackling ſound. 
Wild animals, when in purſuit of their prey in the night, are 
obſerved to emit an electric flaſhing from their bodies, and 
from their eyes; and this light, Dr. Prieſtley conjectures, may 
aſſiſt them in catching their prey, Mr. Brydone remarked 
ele&ric ſparks to proceed from the hair of a young lady, when 
combing in the dark in froſty weather; and having deſired ont 
lady to ſtand on a cake of wax, and comb the other's hair, who 
was ſitting in a chair before her; the lady who ſtood on the 
wax, as ſoon as ſhe began to comb, darted out fparks of fire 
all around her ; and from her hair Mr. Brydone charged an 
electrie jar. Similar phenomena of a yet more ſurpriſing ap- 
peararice are deſcribed in a letter from Mr. Æpinus, profeſſor 
of the Imperial academy at St. Peterſburgh, to Dr. Guthrie, 
publiſhed in the zd volume of the Tranſactiuns of the 
Royal Society of Edinburgh. —The ele&ric fluid in its moſt 
active ſtate is well known to reſide in two particular ſpecies . 
of fiſhes, the Gymnotus and the Torpedo; both of which when 
touched or even approached by the hand, or by an iron rod 
held in the hand, give a very ſmart and painful ſhock, which may 
be communicated like that from the Leyden phial to as many 
as join hands, or act in contact with each other. In theſe 
animals this electrical quality is conſtantly preſent, and is an 
inſtrument of defence againſt their enemies. 

The phenomena of magnetiſm are known to depend on elec- 
tricity, Magnetic needles may be endowed with their virtue 
by artificial electricity, and iron rods have been known to 

| receive 
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receive it from lightning; whence it is reaſonable to conclude, that 
the power of the magnet at all times depends on the ſecret opera- 
tion of the electrie fluid. By extending its powers to the pro- 
duction of attractive and repulſive forces, in all caſes, which 
we are encouraged to do from many natural phenomena, we 
are led to aſſign it an agency in regulating even the motions 
of the planets; and we may preſume, that it is this prin- 
ciple which gives ſtability and coheſion, not only to all terreſ- 
trial ſubſtances, but to the globe of the earth itſelf, and all 
ether bodies in the univerſe. | Eorroa. 
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Of the Terraqueous Globe preach in benen 
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IN the foregoing Book having diſpatched the out- 


works, let us take a ſurvey of the principal fa- 


bric, viz. the Terraqueous Globe itſelf ; a moſt ſtu- 
pendous work in every particular of it, which doth, 
| nr otter raven than every curi- 
win © ous, 


(0) Licet —— oculis Mins contemplari be 
r Providutht eichies confine. Ac 


principio terra uni verſa cernatur, locata in medid mundi ſede, ſo- 
lida, & globoſavgſlita floribus, herbis, arboribus, frugibus ; 
quorum omnium incredibilis multitudo, inſatiabili varietate diſtingui- 
fur. Adde huc fontium gelidas perennitates, liquores perlucidos 


amnium, riparum veſtitus veridifſimos, ſpeluncarum concavas allitu- 


diner, ſaxorum aſperitates, impendentium montium altitudines, im- 
menſitateſque camporum adde etiam reconditas auri—wenas— 
Due vers & quam varia genera beſliarum ?— Yui wolucriim 
lapſus, atque cantus ? Qui pecudum pattus / uid de hominum 
genere dicam? Yui quaſi cultores terre conſlituti, &c,—Que fry 


ut animis, fic oculis videre poſſemus, nemo cunflam intuens terramy 


de Diving ratione dubitaret.— We may contemplate with our 
eyes the beauty of thoſe works which are framed by the Di- 


vine Providence. And in the firſt place, let us view the earth, 


fixed in the centre of the univerſe, ſolid and globular z— 
elad with flowers, with herbs, with trees and fruits; an inere- 


Gible mukitude, | yet diſtinguiſbed by an endleſs- variety — _ 


Conſider 
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ous, complete work doth its workmen. Let us caſt 
our eyes here and there, let us ranſack all the 
globe, let us with the greateſt accuracy inſpect 
every part thereof, ſeareh out the inmoſt ſecrets of 
any of the creatures; let us examine them with 
all our gauges, meaſure them with our niceſt rules, 
pry into them with our microſcopes, and moſt ex- 
quiſite inſtruments (6), ſtill we find them to bear 
teſtimony to their infinite Workman; and that they 
exceed all human {kill ſo far, as that the moſt ex - 
quiſite copies and imitations of the belt artiſts are 


Conſider the perpetual cooling ſprings, the pellucid rivers, the 
green margins of the brooks, the profound eaverns, the eraggy 
rocks, the towering mountains, and wide-extended plains. 
Conſider the internal treaſures of the earth, the veins of hidden 
gold. Examine the infinite variety of animals, the flight and 
the ſong of birds, the food of cattle-—=Why mould I add 
the human race, who are appointed to cultivate the earth, &c. ? 
Could we view all theſe with the eye of the undetſtand- 
ing. as we perceive than with the natural eye, there is none 
who, thus I univerſe, could entertain a doubt of 
the wiſdom and intelligence of its Divine Author,-Ci. de 
Nat. Deor. |. 2. c. 39. 

(5) J here emit the obfervations Ges have beew mage in 
theſe latter times, ſince we have had the uſe and improvement of 


iron coming from the furnaze or the forge. 
gruvings or emboſſments ſeem ſuch rude, bunglihng, 
as if they had been done <vith d mattact or 
a difference. is there baut the ſtill Nature 
a of Ant Pip Wis: Nas. 
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no other than rude bungling pieces to them, And 
ſo far are we from being able to eſpy any defect 
or fault in them, that the better we know them, 
the more we admire them; and the farther we 
* un m mn PO 


to be. 

And for u demonſtration of this I Mull 5 
"+4 Take a general proſpe@ af the Terraqueous 
Globe. 

IL Survey its particylars. 

I. The things which will 6 wader « gab 
proſpect of the globe, will be its Figure, Bulk, Mo- 
tion, Place, Diſtribution into earth and waters, and 
the great Variety of all things upon it and in it, 
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CHAP. I 
Of the Fi igure of the Terraquecus Globe. 


Tuns I ſuppoſe. I may take for granted to be ſphe- 
rical, or nearly ſo (a). And this muſt be al- 
lowed to be the moſt commodious, apt figure for a 
world on many accounts; as it is moſt capacious, 
as 


(a) Although the terraqueous globe be of an orbicular 
Lance, yet it is not ſtrictly ſo: 1. On account of its hills and 
yallies. But theſe are inconſiderable to the carth's ſemi- diameter 
for they are but as the duſt upon a common globe. But, 2. 
Our modern aſtronomers aſſign a much greater variation from a 
globous form, namely, that of a prolate ſphæroid, making the 
polar about 34 miles ſhorter than the equatorial diameter. The 
cauſe of which they make to be the centrifugal force of the di- 
urnal rotation of the globe. 

This figure they imagine is in Jupiter, his polar being to his 
equatorial diameter, as 39 three-fifths to 40 three-fifths. But 
whether it be ſo or no, I confeſs I could never perceive, al- 
though I have often viewed that planet through very good and 
long glaſſes, particularly a tolerable good one of 72 feet in my 
hands: and although by reaſon of cloudy weather, and (at 

preſent) Jupiter's proximity to the ſun, I have not been of late 
able to take a review of that planet; yet Saturn (ſo far as his 
ring would permit) and Mars appear perfectly round, through 
Mr. Huygen!'s long glaſs of 126 feet, which by will he be- 
queathed, with its whole apparatus, to our R. F. by whoſe fa- 
vour it is now in my hands. And moreover, I believe it difficult, 
next to impoſſible, to meaſure the two diameters to a 40th part, 
by reaſon of the ſmallneſs of Jupiters apparent diameter, and by 
reaſon he is moving all the time of meaſuring him. ; 

| g 3 
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as its ſurface is equi - diſtant from the centre, not 
only of the globe, but at leaſt (nearly) of gravity 
and motion too, and, as ſome have thought, of the 
central heat and waters. But theſe and divers 
other things I ſhall paſs over, and inſiſt only upon 
two or three other —— = this globous ay 
n Bun Nan 3? 
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docks, to make them keep the ſame time under the equator, as 


they do in our climes ; I have ſhewn from the like variations in 
the air-pump, that this may ariſe from the rarity of the air there, 
more than here. Vide Phil. Tranf: No. 294. But if the de- 
grees of a meridian grow larger, the more we go towards the 
line, (as Mr. Cgſini affirms they do, by an Booth part in every 
degree, in Phil. Tranſ« No. 278.) then there is great reaſon to 
conclude 1 in behalf of this ſphæroidal form. 

The natural cauſe of this ſphericity of our globe, is (ac! 
cording to Sir /ſaac Newton's principles) that attra#ion which 
the infinite Creator hath ſtamped on all the matter of the uni- 
verſe, whereby all bodies, and all the parts of bodies, mutually 
attract themſelves, and one another. By which means, as all 
the parts of bodies tend naturally to their centre, ſo they all 
betake themſelves to a globous figure, unleſs ſome other more 
prevalent cauſe interpoſe. Thus drops of quickfilver put on a 
ſpherical form, the parts thereof ſtrongly attracting one another. 
80 drops of water have the ſame form when falling in the air; 
but are hemiſpherical only when they lie on a hard body, by rea- 
ſon their gravity. doth ſo far overpower their ſelf· attracting 
power, as to take off one-half of their ſphericity. This figure is 
commonly attributed to the preſſure of the cireumambient air: 
but that this cannot be the cauſe, is manifeſt from the air pump 3 
the caſe being the very ſame in an exhauſted receiver, as in the 
open air, and not any the leaſt alteration of the figure that I could 
Rec a rhe trials T:have made 7 #9 bad th 


1. This 
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1. This figure is the moſt commodious in regard 


of heat, and I may add of light alfo in ſome mea- 


ſure: for by this means, thoſe two great beneſits 
are uniformly and equally imparted to the world; 
they come harmoniouſly and gradually on, and as 
gradually go off again. So that the daily and yearly 
returns of light and darkneſs, cold and heat, moiſt 
and dry, are regular and workman-like, (we may 
fay,) which they would not be, eſpecially the former, 
if the maſs of earth and waters were (as ſome fan- 
cied (6) it) a large plain; or as others, like a large 
hill in the midſt of the ocean; or of a multangular 
figure; or ſuch like. 

2. This figure is admirably adapted to the com- 
modious and equal diſtribution of the waters in the 
globe. For ſince, by the laws of gravity, the waters 
will poſſeſs the loweſt place; therefore, if the maſs 


(5) It would be frivolous, as well as endleſs, to reckon up the 
various opinions of the ancients about the figure of the terra- 
queous globe] ſome of them may be ſeen in Yaren. Gebr. I. i. 
c. 3. init. or Johnſton's s Thaumat. c. 1. artic. 3. But among the 
variety of opinions, one of the principal was, That the viſible 
horizon was the bounds of the earth, and the ocean the bounds 
| of the horizon; that the heavens and earth above this ocean was 
the whole viſible univerſe; and that all beneath the ocean was 


Hades, or the inviſible world. Hence, when the Sun ſet, he was 


faid tingere ſe oceano ; and when any went to Hader, they mult firſt 
| Pafs the ocean. Of this opinion were not only the ancient poets, 
nnd others among the Heathens, but ſome of the Chriſtian fathers 
too, particularly La#antius, St. Auguſline, and others, who 
thought their opinion was favoured by the Pſalmiſt, in Pſalm 
xxiv. 2. and Cxxxvi. 6,-See Bp. Uſher's W to a ef. Chall. 
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of the earth was cubic, priſmatic, or any other 
angular figure, it would follow, that one (too vaſt a 
part) would be drowned ; and another be too dry. 
But being thus orbicular, the waters are equally and 
commodioulty diſtributed here and there, 
as the Divine Providence ſaw moſt fit ; ewe 4 
ſhall take notice by and by. | 
3- The orbicular figure of our globe is far the 
molt beneficial to the winds and motions of the at- 
moſphere. It is not to be doubted, if the earth was 
of ſome other, or indeed any other figure, but that 
the currents of air would be much retarded, if not 
wholly ſtopped. We find by experience, what in- 
fluence large and high mountains, bays, capes, and 
head-lands have upon the winds ; how they ſtop 
ſome, retard many, and divert and change (near the 
ſhores) even the general and conſtant winds (c), that 


(c) Neither do theſe conſtant trade winds uſually blow near the 
ore, but only on the ocean, at leaft 30 or 40 leagues off at ſea, clear 
from any land ; eſpecially on the 4veſt coaſt, or fide of any continent : 
for indeed on the eaft fide, the eafterly wind, being the true trade wind, 
blows almoſt home to the ſhore, ſo near as to receive a check from the 
land wind. Dampier's Winds, ch. 1. 

And not only the general trade winds, but alſo the conflant 
coaſting trade winds, are in like manner affected by the lands: 
thus for inſtance, on the coaſt of Angola and Peru. But this, 
ſaith the curious captain Dampier, the reader muſt take notice of, 
That the trade winds that blow on any coaſt, except the north coafl 
of Africa, whether they are conflant, and blow all the year, or whe» 
ther they are ſhifting wind, do never blow right in on the ſhore, 
nor right along ſhore, but go /lanting, making an acute angle of about 
22 degrees. Therefore, as the land tends more eaſt or weſt, from 
north or — on the coaſt, ſo the wind: do alter accordingly. —Ibid. 


ch. 2. | 
8 blow 
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blow round the globe in the torrid zone. And 
therefore; ſince this is the effect of ſuch little ex- 
creſcences, which have but little proportion to our 
globe, what would be the conſequences of much 
vaſter angles, which would equal a quarter, tenth, 
or but an hundredth part of the-globe's radius? 
Certainly theſe muſt be ſuch a barricade, as would 
greatly annoy, or rather abſolutely ſtop the currents 
of the atmoſphere, and thereby deprive the-world of 
thoſe ſalutiferous gales that g have _ keepi it Tweer 
and clean. tz 9:io} 6 
Thus the figure of our wales doch manifeſt' it to 
de a work of contrivance, inaſmuch as it is of the 
moſt commodious figure; and all others r be 
1. to . and 2 — | 
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"Of the Bulk of the terraquzoms Globe. 


fr next thing remarkable in the terraqueous 

globe, is the prodigious bulk thereof (a) ;=a 
maſs of above 260 thouſand million of miles ſolid 
content t—awork too grand for any thing leſs than 
a God to make. To which in the next place we 
may add, : 


() 11 b not Ateuts to make a pretty near computation of 
the bulk of the terraqueous globe, from thoſe accurate obſerva- 
tions of a made by Mr. Norwood in England, and Mr. 
Picart and ah Nui in France. Whoſe meaſures do in a 
ſurpriſing manner agree. But Mr. Caſſini's ſeeming to be the 
moſt accurate, (as I have ſhewn in my Aſtro-Theolagy, b. 1. ch. 2. 
note (a),) I have there made uſe of his determinations. Ac- 
cording to which the diameter of the earth being 796,772 Eng- 
405 miles; ts ambit will be 2 5,031 miles and half; and (ſuppoſing 
it to be ſpherical) its ſurface will be 1994441220 miles ; which 
being multiplied into vne third of its ſemidiameter, gives the 
Toþd content, we. R 
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CHAP., Il 
7 he Motions of the terraqueous Globe. 


HE motions the terraqueous globe hath, are 
round its own axis,. and round its Fat of 
Agb and heat, the ſun (a). That ſo vaſt a body as 
the earth and waters ſhould be moved at all (5), 
that 


) With the Copernicans, I take it here for 3 that 
the diurnal and annual revolutions are the motions of the terra- 
-. queous globe, not of the ſun, &c. but for the proof thereof I 
ſhall refer the reader to the preface of my Aſtro-Theology, and 
b. iv. c. 3. 

(b) Every thing that is moved, muſt of neceſſity be moved by ſome- 
_ thing elſe ; and that thing is moved by ſomething that is moved either by 
35 another thing, or not by another thing. If it be moved by that, which 
i moved by another, we muſt of neceſſity come to ſome prime mover, 
that is not moved by another, for it is impeſſible, that æubat moveth 
and is moved by another, ſhould proceed in infinitum, Ariſtot. 
Phyſ. I. 8. c. 5. 
Solum quod ſeipſum movet, quia nunguam deferitur 2 ſe, nunguam 
ne moveri quidem definit « quinetiam ceteris gue moventur, hic ſons e 
hoc principium eft movendi. Principii autem nulla eft origo : nam ex 
principio oriuntur omnia; ipſum autem nulld ex re alid naſci poteſt : 
nec enim efſet id principium, quod gigneretur aliunde.—** That only 
which moves itſelf, never ceaſes to move; for it cannot be 
abandoned by itſelf : but this likewiſe is the ſpring and principle 
of motion in other things. But a firſt principle can have no ori- 
gin; for the principle is the origin of every thing, and can itſelf 
ariſe from nothing elſe ; for if it aroſe from any thing elſe, it 
would not be a principle,” — Cicer. Tuſc. Queſt. I. 1. c. 23. 

Cogitemus qui fieri poſſit, ut tanta magnitudo, ab aligud paſſit na- 
rura, tanto tempore gn ans a ? Ego igitur offero Deum cauſam efſe, 


9 nec | 
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that it ſhould undergo two ſuch different mo- 
tions, as the diurnal and annual are, and that 
theſe motions ſnould be ſo conſtantly and regular- 
ly (c) performed for near 6000 years, without any 
the leaſt alteration ever heard of (except ſome 
hours which we read of in Joſh. x. 12, 13, and | 
in Hezekiah's time, which, if they cannot be ac- | 
counted for ſome other way, do greatly encreaſe 


nec aliter poſſe fieri.=® Let us think how it could poſſibly happen 
that a body of ſuch bulk ſhould revolve in ſuch a ſpace” of time. 
I therefore aſſert that God is the cauſe ; nor is it poſſible it could 
have happened from any other cauſe.” — Plato in Epinom. 

(c) Among the cauſes which Clanther is ſaid in Tully 
to aſſign for men's belief of a Deity, one of the chief is, Ægua- 
bilitatem motilt, conver fionem cali, ſolis, lung, fiderumque omnium 
diſtindtiamem, varietatem, pulchritudinem, ordinem : quarum rerum 
aſpetus ipſe ſatis indicaret, non efſe ea fortuita. Ut fiquit in domum 
aliquam, aut in gymngfum, aut in forum venerit ; cam videat om- 
nium rerum rationem, modum, diſciplinam, non poſit ea fine caurd * 
feeri judicare, fed ee aliquem intelligat, qui prefit, & cui pareatur : 
multo magis in tantis motibus, tantiſque viciſſitudinibut, tam multa- 
rum rerum atque tantarum ordinibus, in quibus nihil unquam im- 
menſa & infinita vetuſtas mentita fit, ftatuat neceſſe oft ab alique 
mente tantos nature motus gubernari,—* The equable motion and 
revolution of the firmament, the ſun, the moon, and the ſtars; 
the diſtinction, the variety, the beauty, the order of all theſe 
object. As if any one ſhould come into a houſe, a hall of 
exerciſe, or a public aſſembly, and there ſee the arrangement, 
method, and diſcipline of every thing around him, he would 
never judge, that theſe things were without cauſe ; but would 
immediately conclude, that there was ſome one who preſided, 
and to whom all gave obedience: ſo when we behold theſe 
various motions and changes, and the order of ſuch numerous 
and immenſe bodies, in which, during the infinite revolution 
of ages Nature has never erred or failed : with much more 

F 2 reaſon 
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the wonder (4); theſe things, I ſay,) do mani- 
Feſtly:argue ſome divine infinite power to be con- 
cerned therein (e): but eſpecially, if to all this 

| we 


reaſon muſt we conelude, that theſe are governed and directed 
by an Almighty mind.””—Cic. de Nat. Deor. I. 2. c. 5. 
Homines caperunt Deum agnoſcere, cùm wviderent flellas, tattam 
concinnitatem efficere ; ac dies, nodſque, eſtate, & hyeme, ſuos ſer- 
ware flatos ortus, atque obitus,—* Men began to acknowledge a 
God, when they beheld the ſtars, ſo admirable in the order of 
their motions, and the regularity with which the day and night, 
the ſummer and winter, preſerve their {tated ſeaſons,” — Plut. 
de Placit. I. 1. c. 6. 
(4) We need not be ſollicitous to elude the hiſtory of theſe 
miracles, as if they were only poetical ſtrains, as Maimonides 
and ſome others fancy Zo/hua's day to have been, viz. only an 
ordinary ſummer's day; but ſuch as had the work of many 
days done in it; and therefore by a poetical ſtretch made, as 
if the day had been lengthened by the ſun ſtanding ſtill. 
But in the hiſtory they are ſeriouſſy related, as real matters 
of fact, and with ſuch circumſtances as manifeſt them to have 
been miraculous works of the Almighty : and the prophet 
Habakkut, iii. 11. mentions that of Joſbua as ſuch. And there - 
fore taking them to be miraculous perverſions of the courſe 
of Nature, inſtead of being objections, they are great argu- 
ments of the power of God: for, in Hexelinh's caſe, to wheel 
the, earth itſelf backward, or by ſome extraordinary refrac- 
tions, to bring the ſun's ſhadow backward 10 degrees; or in 
Jaſbua's caſe, to ſtop the diurnal courſe of the globe for ſome 
hours, and then again give it the ſame motion; to do, I ſay, 
theſe things, required the ſame infinite power which at firſt 
gave the terraqueous globe its motions. | 


(e) Nam cum diſpofiti queſyſſem fadera mundi, 
Preſeriptoſque maris fines, annique meatut, 
Lt lucis, nodiſque vices : tunc omnia rebar 


 Corjilio firmata Dei, qui lege moveri 


* 
- 
- 


we add the wonderful convenience, yea abſolute 

of theſe circumvolutions to the inhabit- 
ants, yea all the products of the earth and waters. 
For to one of theſe we owe the comfortable! 
changes of day and night; the one for buſineſs, 
the other for repoſe (7); the one for man, and 
moſt other animals to gather and provide food, 


Sidera, qui fruges diverſo tempore naſei, 
Qui variam Phaben alieno'fuſſerit igne 
Compleri, ſolemque ſuo ; porrexerit undis 
Littora ; tellurem medio libraverat axe, _ 

„ When firſt my anxious thought explor'd the . 

Of theſe effects, and ſearch'd out Nature's laws; 
Gueſs'd how the year its ſtated term ſhould: keep; 

Who fix'd the limits of the ſurgy deep; 

What power had form'd the dk orbs of light, 

And ſpread the ſable curtain of the night; 

No more in miſty paths of doubt I trod; 

My reaſon ſaw, my ſoul confeſs'd a God. 

Form'd by his hand, thoſe orbs their courſe maintain; 

The night, the day with equal empire reign ; 

The ſun his warmth benign, and radiance yields, 

With borrow'd light pale Luna paints the fields ; 

The ſwelling ſeas th* oppoſing ſhores withſtand, 

And earth is poiz'd by an Almighty hand.“ 
Claudian in Ruſin. I. 1. initio. 


(/) Diei no#iſque viciſſitudo conſervat animantes, tribuens aliud 
agendi tempus, aliud quieſcendi. Sic undique omni ratione conclu- 
ditur, mente, conſilioque divino omnia in hoe mundo ad ſalutem om- 
nium, conſervationemque admirabiliter adminiflrayi.—* The viciſ- 
ſitude of day and night preſerves all the animal creation, by 
allotting one ſeaſon for action, and another for reſt, Thus, on 
all hands, we muſt in reaſon conclude, that the ſafety and pre- 
ſervation of every thing is moſt admirably provided for.” Cie. 
& Nat. Dior. I. 2. c. 53. 

F 3 habit- 
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habitation, and other neceſſaries of life; the other 
to reſt, refreſh, and recruit their ſpirits (g), waſted 
with the labours of the day. To the other of 


thoſe motions we owe the ſeaſons of ſummer and 


winter, ſpring and autumn, together with the be- 
neficial inſtances and effects which theſe have on 
the bodies and ſtate of animals, vegetables, and 
all other things, both in the torrid, temperate, and 
frigid zones. 

(g) The acute Dr. Cheyne, in his ingenious Philgſ. Princ. of _ 


| Natural Religion, among other uſes of day and night, faith, 
the night is moſt proper for ſleep ; becauſe when the ſun is 


above the horizon, fleep is prejudicial, by reaſon the perſpi- 
rations are then too great. Alſo that nutrition is moſtly, if 
not altogether, performed in time of reſt ; the blood having 
too quick a motion in the day; for which reaſon, weak per- 
— children, &c. are houriſhed moſt, and recruit beſt by 
Jeep. | | 


oc 


* 
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Of the Pla and Situation of the terraqueous Globe, 
in 1 be heavenly Bodies. 


AN other thing very conſiderable in our globe, 
is its place and ſituation at a due diſtance 


from the ſun (a), its fountain of light and heat“; 


(a) It is a manifeſt fign of the Creator's management and' 

care, in placing the terraqueous globe at that very diſtance 
it is from the ſun, and contempering our own bodies, and all 
| other things, ſo duly to that diſtance. For was the earth 
Dae thom the ſun, the world would be ſtarved and frozen 
with cold : and was it nigher, we ſhould be burnt, at leaſt the 
moſt combuſtible things would be ſo, and the world would 
be vexed with perpetual conflagrations, For we ſee that a few 
of the rays of the ſun, even no more than what fall within 
the compaſs of half an inch or an inch in a burning-glaſs, will 
fire combuſtible bodies, even in our own climate, 


The following obſervation of Sir Iſaac Newton is clearly 
demonſtrative of the admirable wiſdom of the Creator, in the 
ſituation which he has affigned to this globe with reſpe& to 
the other planets and to the ſun, „ Thoſe planets have the 
greater denſity, ceteris paribus, which are placed neareſt the ſun': 
Thus Jupiter is more denſe than Saturn, and the Earth more 
denſe than Jupiter; for it was neceſſary to place the planets at 
different diſtances from the ſun, that each might receive a 
greater or a leſs degree of his heat, according to its denſity. 
If our earth were placed in the orbit of Saturn, the water of 
it „ up; and if in the orbit of Mercury, it 

F 4 would 
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and from its neighbouring planets of the ſolar ſyſ. 
tem, and from the fixed ſtars, But theſe things 
I have ſpoken more largely of in my Survey of 
the Heavens (6), and therefore only barely men- 
tion them now; to inſiſt more largely upon, 


ey 


(3) Aue Huub, book vii. chap. 5. 
| — 2101 1 

would preſently. exhale in vapour. For the ſun's. light, to 
which his heat is proportionable, is. ſeven times, more denſe in 
the orbit of Mercury than with us; and I have found by the 
| thermometer, that water will boil with a heat ſeven times as 
great as that of the ſummer's ſun. But the matter of Mercury 
is doubtleſs fitted for heat; and, therefore, mult be denſer than 
that of our earth ; ſince all denſe matter requires a greater de - 
e of heat to perform the in ef Nature." — Newton's, 
'rincipe p. 372+ | 8 


. L 731 K 


CHAP: v. 
The Difribution of Earth and Waters 


diſtribution of the waters and the dry land, 
although it may ſeem rude and undeſigned to 
à careleſs view, and is s by ſome taxed as ſuch hs. 


(a) The moſt eminent author I have met with, that finds 
fault with the diſtribution of the earth and waters, and in- 
deed with the whole prefent ſtructure of the globe, is che 
learned and eloquent theoriſt Dr. Burnet, who frequently ex- 
claims on this point: Tellus naſtra, fi totam ſimul completamur, 

non eft ordinata & veniſta rerum compager-—ſed moles aggeſta vario, 
incertoque ſitu partium, nulla ordinis au venuſtatis habit ratione. 
Theor. Sacr. I. 1. c. 7. Zcquis autem a Deo hac ita faila ? &c. 
Ib. Quo autem Hercules labore opus  effet ad excavandam terram in 
| tantumbiatum Si immediate d — Prima effecus fuiſſet bie al. 
Veusy aliquem ſallem ordinem, menſuram, & - proportionem; notare . 
pahiſſs in ipfus form, ei partum diefe ed, s, 
omnia, Kc. Ib. c. 8. Tellus ngſira cum gd. = it; oft etiam 
rudi ; et in illd exiguitate mulla ſunt ſuperflua, multa inelgantia. 
Dimidiam terre, ſuperficiem inundat oceanus ; magnd ex parte, ut: 
mibi videtur, inutilis.— Our earth, if we conſider it altogether, , 
is not a well-ordered and beautiful ſtructure, but a maſs heaped: 
together at random without any regard to order or beauty. 
But can any one believe, that things were thus made by the 
hand of God What a Herculean labour muſt it have been to 
hollo . out the earth to ſuch. a depth? If this bed had been 
the immediate operation of the Firſt Cauſe, we muſt have ob- 
ſerved ſome order, ſome meaſure. and proportion in its form. 
and in the diſpoſition, of its parts but all things are confuſed, 


— 
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yet is admirably well adjuſted to the uſes and con- 


veniences of our world. 

For in the firſt place, the diſtribution 3 is ſo well 
made, the earth and waters ſo handſomely, ſo 
workman-like laid, every where all the world over, 

that there is a juſt equipoiſe of the whole globe: 
The Northern balanceth the Southern ocean, the At. 
lantie, the Pacific ſea, The American dry land, 
is a counterpoiſe to the European, Matic, and 


African. 
In the next place, the earth and the waters are 


ſo admirably well placed about in the globe, as to 
be helpful to one another, to miniſter to one ano- _ 
ther's uſes. The great oceans, and the leſſer ſeas 
and lakes, are ſo admirably well diſtributed 
throughout the globe (5), as to afford ſufficient _ 
| | 3 vapouts 


and even ſmall as it is, there are in it many things ſuperfluous, 
and many inelegant. The ocean overflows one half of the ſur- 
face of the globe ; a thing which, to me, appears in a great 
meaſure uſeleſs.” And then he goes on to ſhew how this part 
of the Creation might be mended. 73. c. 10. All this is to 
me ſurpriſing from an author of great ingenuity, who ſeems in 
his book to have a juſt opinion of and due veneration for 
God. But certainly ſuch notions are very inconſiſtent with 
the belief of God's creating, eſpecially his governing and or- 
dering the world. But ſuppoſe the terraqueous globe was 
ſuch a rude, confuſed, inconvenient maſs, as he pretends, yet 
it is well enough for a ſinful world. But beſides, what others 
have long ago abundantly anſwered, the following ſurvey, will, 
I hope, ſulliciently manifeſt it to be the work of a wiſe and 
beneficent, as well as omnipotent Creator. ? 
(3) Some have objected againſt the diſtribution of the earth 
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vapours (c), for clouds and —_— to temperate 
the 


globe, which they think would be of greater as if k was; 
dry land. But then they do not conſider that this would de- 
prive the world of a due quantity of vapours and rain. For 
if the cavities which contain the ſea, and other waters, were 
deeper, although the waters were no leſs in quantity, only 
their ſurfaces narrower and leſſer, the evaporations would be 
ſo much the leſs, inaſmuch as thoſe evaporations are made 
from the ſurface, and are, conſequently, in proportion to the 
ſurface, not the depth or quantity of water. 

(e) I took notice before, in Book I. Chap. iii. note 2 
that the vapours conſtituting clouds and rain, are vgſieula of 
water detached by heat. The manner of which I conceive to 
be thus ; heat being of an agile nature, or the lighteſt of all 
bodies, cafily breaks looſe from them ; and if they are humid, 
in its paſſage, carries along with it particles, or little caſes of 
the water; which being lighter than air, are buoyed up there- 
by, and ſwim in it; until by knocking againſt one another, 
or being thickened by the cold, (as in the note before cited, 
they are reduced into clouds and drops. 

HFaving mentioned the manner how vapours 3 are raiſed, and 
there being more room here than in the note before-cited, I 
ſhall, for the illuſtration of Nature's proceſs, take notice of 
three things obſervable to our purpoſe, in water over the 
fire. 1. That the evaporations are proportional to the heat 
aſcending out of the water. A ſmall heat throws off but few | 
vapours, ſcarce viſible ; a greater heat, and aſcending in greater 
quantities, carries off groſſer, larger, and more numerous v 
rule, which we call a fcam : and if the heat breaks through the 
water with ſuch a fury, as to lacerate and lift. up great quan- 
tities or bubbles of water, too heavy for the air to carry or 
buoy up, it cauſeth what we call boiling. And the particles of | 
water thus mounted up by the heat, are viſible ſpherules of 
water, if viewed with a microſcope, as they ſwim about in a 
ray of the ſun let into a dark room, with warm water under- 
neath; where ſome of the vapours appear large, ſome ſmaller , 


eric, 


96 - DISTRIBUTION, or THE. n. 11. 
the, cold (d) of the nqrthery frozen air, to cool 


and 


3 according ( no doubt) to the larger and leſſer quan- 
tities of heat blowing them up and carrying them off. 2. If 
theſe vapours be intercepted in their afrent by any context, 
eſpecially cold body, as glaſs, marble, &c. they are thereby re- 
duced into drops, and maſſes of water, like thoſe of rain, Cc. 


| 9 vapours in their aſcent from the water, may be ob- 


d, in cold froſty weather, either to riſe but a little above the 
water, and there to hang, or to glide on a little above its ſurface 2 
Or if the weather be very cold, after a little aſcent, they may be 
ſeen to fall back again into the water; in their aſcent and de- 
ſcent deſcribing a curve ſomewhat like that of an arrow from a 
bow. But in a warmer air, and ſtill, the vapours aſcend more 
nimbly and copiouſly, mounting up aloft, till they are out of 
fight. But if the air be warm and windy too, the vapours are 
ſooner carried out of ſight, and make way for others, And ac- 
cordingly I have often obſerved, that hot liquors, if not ſet too 
thin, and not frequently ſtirred, cool flower in the greateſt ſroſts, 
than in temperate weather, eſpecially if windy. And it is mini- 
feſt by good experiments, that the evaporations are lcſs af thoſe 
times than theſe ; leſs by far in the winter than warmer 
months. 

(4) As our northern iſlands are abſerved to be more tempe- 
rate than our continents, (of which we had a notable inſtance 
in the great froſt in 170t, which Jreland and Scotland felt leſs of, 
than moſt parts of Europe beſides; of which ſee Book IV. 
Chap. xii. note (c),) ſo this temperature is owing to the warm 
vapours afforded chiefly by the ſea, which by the preceding note 
muſt neceſſarily be warm, as they are vapours, or water inflated 

heat. 

17 cauſe of this heat I take to be partly that of the ſun, 
and partly ſubterraneous. That it is not wholly that of the 
ſun, is manifeſt from vapours, being as or more copiouſiy raiſed | 
when the ſun-beams are weakeſt as when ſtrongeſt, there being 
rains and winds at the one time than the other, And 

that there is ſuch a thing as ſubterraneons heat (whether central, 
or from the meeting of mineral juices ; or ſuch as is congenial 
n . ; or 
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and mitigate the heats (e) of the torrid- zone, and 
to refreſi the earth with fertile ſhowers 7 yea, in 
ſome meaſure to miniſter freſh waters to the foun- 
tains and rivers. Nay, ſo abundant is this great 
bleſſing, which the moſt indulgent Creator hath af- 
forded us by means of this diſtribution of the wa- 


ters I am ſpeaking of, that there is more than a 


ſcanty, bare proviſion, or mere ſuſſiciency; even a 


or connatural'to our globe, I have not time to inquire ; but I 
ſay, that ſuch a thing is) is evident not only from the hot-batbs, 

many fiery eruptions and exploſions, Qc. but alſo from the 
ordinary warmth of cellars and places under ground, which are 
not barely comparatively warm, but of ſufficient heat to raiſe 
vapours alſo; as is manifeſt from the ſmoking of perreanial 
fountains in froſty weather, and water drawn out of pumps and 


open wells at ſuch a time. Vea, even animals themſelves. are 


ſenſible of it, as particularly moles, who dig before a thaw, and 


againſt ſome other alterations of the weather; excited, o 
doubt, thereuuto by the ſame warm vapours ariſing in the earth, 


which animate them, as well as a the ſucceeding changes 
of the weather. 


(e) Beſides the trade winds, which ſerve to mitigate the ex- 
ceſſive heats in the torrid-zone ; the clouds are a good ſcreen 
againſt the ſcorching ſun-beams, eſpecially when the ſun paſſeth 
their zenith ; at which time is their winter, or ovoleſt ſeaſon, by 
reaſon they have then moſt clouds and rain. For which ſerviee, 
that which Yarene takes notice of, is a great providence of 
God, viz. Pleraque loca gone torride vicinum habent mare, us In- 


dia, inſule Indice, lingua: Africa, Guinea, Braſilia, Peravia, Mexi- - 


cana,  Hiſpania: Pauca loca zone torride ſunt mediterranga.— 

«« Moſt parts of the torrid zone are in the neighhourhood of the 

ſea ; as for example, India, the Indian iſlands, the peniaſula of 

Africa, Guinea, Braſil, Peru, Mexico, Spain. Few parts of the 

wig one are rn Geogr. I. 2. c. 26. rn 
Tr 


plenty, 


978 ' DISTRIBUTION Of THE B. II. 


plenty, a ſurpluſage of this uſeful creature of God, 
(the freſh waters, ) afforded to the world; and they 
ſo well ordered, as not to drown the nations of the 
earth, nor to ſtagnate, ſtink, and poiſon, or annoy 


them; but to be gently carried through convenient 
channels back again to their grand fountain (Ff ), 


the 


%) That ſprings have their origin from the ſea, and not 
from rains and vapours, among many other ſtrong reaſons, I con- 


| elude from the perenr ity of divers ſprings, which always afford 


the ſame quantity of water. Of this ſort there art many to be 
found every where, But I ſhall, for an inſtance, ſingle out one 
in the pariſh of Upminſter, where J live, as being very proper for 


my purpoſe, and one that I have had better opportunities of 


making remarks upon above twenty years. This in the greateſt 
droughts is little, if at all diminiſhed, that I could perceive by my 
eye, although the ponds all over the country, and an adjoining 


© brook, have been dry for many months together; as particularly 


in the dry ſummer months of the year 1705 ; and in the wet- 
teſt ſeaſons, ſuch as the ſummer and other months were, pre- 
ceding the violent ſtorm in Nowember 1703. (Vide Phil. Tranſ. 
No. 289.) I ſay, in ſuch wet ſecaſons I have not obſerved any 
- increment of its ſtream, excepting only for violent rains falling 
therein, or running down from the higher land into it ; which 


diſcoloureth the waters oftentimes, and makes an increaſe of only 


a day's, or ſometimes but a few hours continuance. But now, 
Af this ſpring had its origin from rain and vapours, there would 
de an increaſe and decreaſe of the one, as there ſhould happen to 
be of the other: As actually it is in ſuch temporary ſprings as 

bave undoubtedly their ſource from rain and vapours. 


But beſides this, another conſiderable thing in this Upminſter - 


ſpring (and thouſands of others) is, that it breaks out of ſo in- 
/ conſiderable an hillock, or eminence of ground, that can have no 
more influence in the condenſation of the vapours, or ſtopping 
the elouds, (which the maintainers of this hypotheſis ſuppoſe, ) 
than the lower lands about it have. By ſome critical obferv- 

ations 
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the ſea; and many of them through ſuch large 
tracts of land, and to ſuch 1 N . 


ations I made vi a very nice + lia barometer, I found a 
my houſe ſtands between 80 and 90 feet higher than the low 
water mark in the river of Thames, neareſt me ; and that part of 
the river being ſcarce 30 miles from the ſea, I gueſs, (and am 


more confirmed from ſome later experiments I made nearer the 


ſea,) that we cannot be much above 100 feet above the ſea. The 
ſpring I judge nearly level with or but little higher than where 
my houſe ſtands ; and the lands from whence it immediately iſ- 
ſues, I gueſs about 1 5 or 20 feet higher than the ſpring ; and 
the lands above that, of no very remarkable height. And in- 
deed, by actual meaſure, one of the higheſt hills I have met 
with in Eſex is but 363 feet high (Vid. Phil. Tranſ. No. 31 3. 
p. 16.) ; and J gueſs by ſome very late experiments I made, nei- 
ther that, nor any other land in Zfex, to be above 400 feet above 
the ſea, Now what is ſo inconſiderable a riſe of land to a peren- 
nial condenſation of vipours, fit to maintain even {6 inconſider- 

able a fountain, as what I have mentioned is? Or indeed the 
high-lands of the whole large county of Z/ſex, to the maintain- 
ing of all its fountains and rivulets ? 

But I ſhall no farther proſecute this argument, but refer to 
the late learned, curious, and induſtrious Dr. Plot's T entamen 
Phil. de Orig. Font. in which he hath fully diſcuſſed this matter. 

As to the manner how the waters are raiſed up into the 
mountains and higher lands, an eaſy and natural repreſentation 
may be made of it, by putting a little heap of ſand, aſhes, or a 
little loaf of bread, c. in a baſon of water; where the ſand 
will repreſent the dry land, or an iſland, and the baſon of water 
the ſea about it. And as the water in the baſon riſeth to, or 
near the top of the heap in it, ſo do the waters of the ſea, 
lakes, Cc. riſe in the hills. Which caſe I take to be the ſame 
with the aſcent of liquids in capillary tubes, or between conti- 
guous planes, or in a tube filled with aſhes : of which the induſ- 
trious and complete artificer in air-pumps, Mr. Harſthee,, hath 
given us ſome, not contemptible experiments, in his Pole Mech. 
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that it is a great wonder the fountains ſhould be 
High enough (g), or the ſeas low enough, ever to 
afford ſo long a conveyance. Witneſs the Danube (S) 
and Wolga of Europe, the Nile (i) and the Niger (k) 
of Afric,'the Ganges (I) and Euphrates of Aſia, and 
the Amazons river (m) and Rio de la Plata of Ame- 
| 12 | 4g rica, 
Among the many cauſes aſſigned for this aſcent of liquors, 
there are two that bid the faireſt for it, viz. the Preſſure of the AM- 


moſphere, and the Newtonian Aitraftion. That it is not the former, 
appears from the experiments ſucceeding, "as well, or better in 


vacuo, thay in the open air, the aſcent being rather ſwifter in 
vacuo. This then being not the cauſe, I ſhall ſuppoſe the other is; 
but for the proof thereof, I ſhall refer to ſome of our late Zrigh/b 


authors, eſpecially fome very late experiments made before our 


moſt famous R. S. which will be ſo well improved by ſome of 


that illuſtrious body, as to go near to put the matter out of doubt. 
) Sce Book III. Chap. iv 
(% The Danube, in a ſoler atchubt, performs a courſe of above 
1500 miles (i. e. in a ſtrait line) from its riſe to its ſa .—Bohun' s 
Geogr. Dict. 
(i) Traci ſe. Longitudo LNili] % milliarium circiter 6 


Germ. five Ital. 2520, pro quibus ponere licet 3000 propter curva- 


turut.— The courſe, that is to ſay the length, of the Nile, i 
about 630 German, or 2520 Italian miles; inſtead of which you 


may reckon 3000, on account of the windings of the river,” — 


Furen. Geogr. I. 1. e. 16. p. 27. 
(#) Vurene reckons the courſe of the Niger, at a middle 
21 600 German miles, that is, 2400 Dalian. 
at! That of the Ganges he computes at 300 German miles, 
But if we add the curvatures to theſe rivers, their channels are of 


2 prodjgious length. 


(n) Oritur, lumen (quod plerumgue Amazonum, &c. ] haud pro- 
cu Quito in 'montibus. — Cim per leucas Hiſpanicas 1356, curſum ab 


occidente in orientem continudrit, oftio 84 leucas lato— in oceanum preci- 
pitatur . The river of the Amazons, as it is commonly called, 


ariſes 


m—_ 
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rica, and many others which might be named ; 


ſome of which are ſaid to run above 5000 miles, 


and ſome no leſs than 6060, from their fountains 


to the ſea, And indeed ſuch prodigious convey- | 


ances of the waters make it manifeſt, ** no acci- 
dental currents and alterations of the waters them - 
ſelves, no art or power of man, nothing leſs than 
the fat of the Almighty, could ever have made, or 


found, ſo long and commodious declivities, and 


channels for the paſſage of the waters 


ariſes in the mountains near to Quito. After continuing * 


courſe for 1356 Spaniſh leagues, from welt to eaſt, it diſgorges 


itſelf into the ocean, by a mouth of 84 leagues in breadth,” — 
Chr. D' Acugna Relatio de flunine Amaz. in Ad. Erud. Aug. 1683. 
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The great Variety ond Quantity of all Things upon, 


and in the Terraqueous 2 provided for the 
Uſes of the World. 


HE laſt remark 1 ſhall 3 about the Term 

queous Globe in general is, the great variety 
of kinds, or tribes“, as well as prodigious num- 
ber of individuals of each various tribe, there is of 


III creatures (a). There are fo many beaſts, fo 


T many 

(a) Ven dat 2 beneficia? Unde ergo Na que „ efldes — 
Und: hee innumerabilia, oculos, aures Ef animum mulcentia Und 
illa luxuriam quoque inſtruens copia? Neque enim necęſſitatibur 
tantummodo noftris proviſum eft : uſque in delicias amamur. Tot 
arbuſia, non uno modo frugiſera, tot herbe ſalutares, tot varietates 
aiborum, per totum annum dligeſtæ, ut inerti quogue fortuita terre . 
alimenta Praberent. Jam animalia omnis generis, alia in ſicco, Cc. 
—ut omnis rerum nature pars tributum aliquod nobis conferret.— 
« Does not God confer benefits? Whence then are thoſe 


The invention of the microſcope has increaſed our know- 
ledge of the variety of organized bodies in a moſt amazing de- 
gree. Mr. Adams, in his excellent treatiſe on that inſtrument, has 
in the following paragraph detailed the chief advantage we de- 
rive from it in the ſtudy of Nature: The microſcope,” ſays he, 
extends the boundaries of the organs of viſion, enables us to 


examine the ſtructure of plants and animals ; preſents to the eye 


myriads of heings of whoſe exiſtence we had before formed no 
idea: opens to the curious an inexhauſtleſs ſource of information 


and pleaſure ; and furniſhes the philoſopher with an unlimited 


field of inveſtigation. It leads, to uſe the words of an ingenious 
writer, to the diſcovery of a thouſand wonders of Hu hand, who 
| created 
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many birds, ſo many inſects, ſo many reptiles, ſo 
many * ſo many plants upon the ue 
many 
that thou poſſeſſeſt ? Whence theſe OY objects ſo 
grateful to the eye, the ear, and the underſtanding ? Whence 
thoſe ſupplies even of the moſt varied luxuries ? For not only 
are our wants ſupplied ; even our pleaſure and delight is pro- 
vided for. 8o many fruitful ſhrubs, ſo many wholeſome herbs, 
ſuch variety of aliment provided for every ſeaſon ; that the 
earth offers its fruits even to the indolent, who beſtow ne care 
in its cultivation. Animals of all kinds, ſome belonging to the 
land, and others to the waters; ſo that every part of Nature 

ſeems to pay its tribute to man.“ Sener. de Benef, L 4. Co J. 
ubi plura vide. 

E ave ieberminty for terpore celum niteſcere, 
arbores frondeſcere—-tum multitudinem pecudum partim ad veſcen- 
dum, partim ad cultus agrorum, partim ad wvehendum, partim ad 
eorpora veſtienda ; hominemque ipſum quaſi contemplatorem cali ac 
deorum, ipſorumque cultorem.— Hac igitur, & alia innumerabilia 
eùm cernimus, poſſumuſne dubitare, quin his prafit aliquis vel effefor, 

þ hac nata ſunt, ut Platoni videtur : vel fi ſemper fuerint, ut Ariſto- 
teli placet, moderator tanti operis & muneris ?— In thoſe re- 
gions which we inhabit there is an invariable return of the 
vernal ſeaſon, and the renewal of vegetation.— Then, what a 
multitude of cattle, partly for food, and partly for the cultiva- 
tion of the ground ; ſome deſtined for burden, and others for 
ſupplying us with raiment.— And man too, whoſe intelle& pe- 
netrates almoſt into the nature of the Gods whom he worſhips. 
— Can we then, while we ſurvey theſe, heſitate to pronounce, 
that if, according to Plato's opinion, they are produced at all, 

— they 
created ourſelves as well as the objects of our admiration ; it 
improves the faculties, exalts the comprehenſion, and multiplies 
the inlets to happineſs, is a new ſource of praiſe to him to 
whom all we pay is nothing of what we owe z and while it 


pleaſes the imagination. with the unbounded treaſures it offers 


to the view, mation wo > one continued a& 
of admiration. Eviros. 
62 


; % © VARIETY OF THINGS B. II. 


many fiſhes, ſea - plants, and other creatures in the 
waters; ſo many minerals, metals, and foſſiles in 
the ſubterraneous regions; ſo many /pecics of theſe 
genera, ſo many individuals of thoſe ſpecies, that 
there is nothing wanting to the uſe of man, or 
any other creature of this lower world. If every 
age doth change its food, its way of cloathing, its 
way of building; if every age (6b) hath its variety 
of diſeaſes; nay, if man, or any other animal, 
was minded to change theſe things every day, till 
the creation would not be exhauſted, {till nothing 
would be wanting for food, nothing for phy- 
ſick, nothing for building and habitation, nothing 
for cleanlineſs and refreſhment, yea, even for re- 
creation and pleaſure. But the munificence of 
the Creator is ſuch, that there is abundantly 
enough to ſupply the wants, the conveniencies, 
yea, almoſt the extravagancies of all the creatures 
in all places, all ages, and upon all occaſions. 


they muſt have been the eſſect of ſome Almi ghty Cauſe ? Or if 
as Ariltotle thought, they have exiſted from eternity, that 
| there is a Sovereign Ruler and Diſpoſer of this great ſtructure 
and arrangement of things ?”-—Cic. Tuſc. Pugh. I. 1. c. 28, 29, 
(%) Sunt & gentium diſſcrentis non mediocres—que contemplatio 
 aufert rurſus nus ad ipſorum animalium naturas, ingenitaſque iis vel 
terttores morborum omnium medicinas. Enim verò rerum omnium 
Parens, nullum animal ad hoc tantum ut paſceretur, aut alia ſatiaret 
naſci woluit : arteſque ſalutares iis inſernerit, —** There is like- 
wiſe a conſiderable diverſity of the ſpecies in different nations. 
—And this conſideration leads us to remark the nature of 
animals, and the innate medicinal qualities which they poſſeſs, 
for the cure of all diſeaſes, For the univerſal Parent has not 
produced any animal for the ſole purpoſes of preſerving i its own 
exiſtence, or ſupplying food to others. He has given all 
animals certain OM virtues, ln. Nat. Hi. I. 27. c. 13. 
And 
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And this may ſerve to anſwer an objection 
- againſt the excellency of, and wiſdom ſhewed in, 
the creation; namely, what need of ſo many crea» 
tures (c)? Particularly of ſo many inſects, fo 
many plants, and ſo many other things? And 
eſpecially of ſome of them, that are ſo far from 
being uſeful, that they are very noxious ; ſome by 
their ferity, and overs by their poiſonous nature, 


Oc. 
To which I might anſwer, that in greater va- 


riety, the greater art is ſeen; that the fierce, poi - 
ſonous, and noxious creatures ſerve as rods and 


(c) This was no very eaſy queſtion to be anſwered by ſuch 
as held, that all things were made for man ; as moſt of the 
ancients did ; as Ariſtotle, Seneca, Cicero, and Pliny (to name 
only ſome of the chief). And Cicero cites it as the celebrated 
Chryſippur' s opinion, Preclare enim Chryſippus, cetera nata efſe ho- 
minum causd, & deorum.—< For Chryſippus rightly judged that 
all things were created for man and for the Gods.” —De fin, 
bon. & mal. I. 3. And in his De Nat. Deor. I. 2. fin. he ſeri- 
riouſly proves the world itſelf to have been made for the Gods 
and man, and all things in the world to have been made and 
contrived for the benefit of man (parata & inventa ad ſrudum 
hominum, are his words). So Pliny in his preface to his 7th 
book ſaith, Nature made all things for man; but then he 
makes a doubt, whether ſhe ſhewed herſelf a more indulgent 
parent, or cruel ſtep-mother, as in book iv. chap, 12. note 2. 
But ſince the works of God haye been more diſcovered, and 
the limits of the Univerſe have been found to be of infinitely 
greater extent- than the ancients ſuppoſed them ; this narrow 
opinion hath been exploded. And the anſwer will be found 
eaſy to theſe queſtions, Why ſo many uſeleſs creatures? In 
the Heavens, Why ſo many fix'd ſtars, and the greateſt part 
of them ſcarce viſible? Why ſuch ſyſtems of planets, as in 
Jupiter, Saturn, &c, (See my Aſtro-Theology.) In the earth 
and waters, Why ſo many creatyres of no uſe to man? 


0 3 | ſcourges 


i 
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ſcourges to chaſtiſe us (d), as means to excite our 
wiſdom, care, and —__ with more to the 


(d) Nec minis clara exitii As ata contemnendis 
animalibun. M. Varro author et a cuniculis fufoſſum in Hiſpa- 
nid opidum, d talpis in Theſſalid : ab ranis civitatem in Gallid 

| pulſam, ab locuſtis in Africa : ex Gyaro Cycladum inſuld, incolas 
a muribus ſugatos ; in Italid Amyclas d ſerpentibus delatas. Citra' 
Cynamolgos Ethiopas lats deſerta regio eff, d ſcorpionibus & 
Solpugis gente ſublatd : & a ſeolopendris abafos Trerienſes, author 
eft Theophraſlus.—* And there are ſtrong proofs of the deſtrue- 
tive powers of even the moſt contemptible animals. M. Varro 
tells us of a town in Spain that was undermined by rabbits, | 
and of another in Theſſaly by moles ; of a town in Gaul from 
which the inhabitants were driven out by frogs ; of another in 
Africa, deſolated by locuſts. He relates how the inhabitants 
of Gyarus, one of the Cyclades, were expelled by mice, and 
that the Amyelæ in Italy were put to flight by ſerpents, Be- 
yond the country of the Cynamolgi Ethiops, there is a wide. 
extended region which is quite deſerted by its inhabitants on 
account of ſcorpions and venomous piſmires; and Theophraſtus 
informs us, that the inhabitants of Triers were driven out of 
their country by ſcolopendre.” —Plin. Nat. Hiſt, I. 8. c. 29. 

To theſe inſtances may be added, the plague they ſome- 
times ſuffer from a kind of mice (they call Jeming, leminger, lem- 
mus, &c.) in Norway, which eat up every green thing, They 
come in ſuch prodigious numbers, that they fancy them to 
fall from the clouds z but OJ. Magnus rather thinks they come 
from ſome of the iſlands, Hif. 1.8. c.2 If the reader hath a 
mind to ſee a large account of them, with a diſpute about 
their generation, a handſome cut of them, with the prayers, 
and an exorciſm againſt them uſed in the church of Rome, I 
ſhall refer him (it being too tedious to recite in theſe Notes) 
to Muſeum Wormian. J. 3. c. 23. 

Quare patimur multa mala d creaturd quam fecit Deus, niſi 

. quia offendimus Deum ?—De pænd tud peccatum tuum accuſa, non | 
judicem. Nam propter ſuperbiam inſlituit Deus creaturam iſlam 
ninimam & aljetifſimam, ut ipſa not torqueret, ut ciim ſuperbus 
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ſame purpoſe. But theſe things have been fullyß 
urged by others; and it wn that 
this! 


| Abbe ee A bad Deum,—cim ſe erexerit, pu- 
licibus ſubdatur. Quid :ft, quid te inflas humand ſuperbid ?— Puli- 
cibus refiſte, ut dormias. Cognoſce qui fie. Nam propter ſuper- 
biam noſtram domandam—creata illa que molefla ſunt : populum 
Pharaonis ſuperbum potuit Deus domare de urfir, de, Nc. Muſcas 
& ranas illis immifit, ut rebus viliſimis ſuperbia domaretur. Omnia 
ergo fer Ipſum——fata ſunt ; & ſine Ipſo fattum off nibil.— 
« Why do we ſuffer ſo many evils from God's creatures, un- 
| leſs becauſe we have offended God ?—Blame thyſclf for thy 
puniſhment, and not thy Judge. For God, to puniſh our pride, 
has ſubjected us to ſuffer pain from the ſmalleſt and meaneſt 
inſet. Man who in his pride boaſts himſelf againſt his 
Maker, feels pain from the ſting of a flea, Why art thou ſo 
| puffed up and elated? A flea ſhall deprive thee of ſleep. 
Know better who thou art For even to quell that pride and 
arrogance of thine, thoſe offenſive inſets were perhaps called | 
into exiſtence. God by means of bears, and of the nobler animals, 9 
might have ſubdued the haughty Egyptians. But he employed A 
flies and frogs, that he might quell their pride, even by the 1 
meaneſt of his creatures.— All was created for Hir. and 
without Him was nothing brought into Being.” — 
Tract. 1. in S. Johan, | 
But although the infinitely wiſe Creator hath put it in the 
power of ſuch vile animals to chaſtiſe us, yet hath he ſhewed 
no leſs wiſdom and kindneſs in ordering many, if not moſt of 
them ſo, as that it ſhall be in the power of man, and other 
creatures, to obviate or eſcape their evils. For, beſides the 
noble antidotes afforded by minerals, vegetables, fc. many, 
if not moſt of our European venomous animals carry their cure, 
as well as poiſon, in their own bodies. The oil, and, I doubt 
not, the body of ſcorpions too, is a certain remedy. againſt its 
ſtroke. A bee, waſp, or hornet, craſhed and rubbed, and 
bound upon the place, I have always found to be a certain 
2 ſting of thoſe creatures. And I queſtion not, =: 
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this great variety is a moſt wiſe proviſion for all 
the uſes of the world in all ages, and all places, 
Some for food, ſome for phyſic (e), ſome for 

habitation, 


| the fleſh, eſpecially the head, of vipers, would be found a re. 


medy for their bites. 

Our wiper-catchers have a remedy, in hich they Mace fo great: 
confidence, as to be no more afraid of the bite [of a viper] than 
of a common puncture, immediately curing themſelves by the appli- 
cation of their ſpecific, This, though they keep a great ſecret, I 
| have, upon ftrift enquiry, found to be no other than Axungia Vi- 
perina, preſently rubbed into the wound. This remedy the learned 
doctor tried himſelf with good ſucceſs, in a young dog that 
was bitten in the noſe. - Vide Mead of Poiſons, p. 9. 

And as to the means to eſcape the miſchief of ſuch noxious 
animals, beſides what may he effected by the care, induſtry, 
and ſagacity of man; ſome of them are ſo contrived nd made, 
as to give warning or time to creatures in danger from them, 
Thus, for inſtance, the rattle-ſnake, the moſt poiſonous of any 
ſerpent, who darts its poiſonous vapours to fome diſtance, and 
in all probability was the baſe of the antients, ſaid to kill 
with its eyes, this involuntarily gives warning by the rattle in 
Its tail. So the ſhark, the moſt rapacious animal of the waters, 

is forced to turn himſelf on his back (and thereby gives an 
ene of eſcape) before he can catch his prey. 

(e) Hye fola Nature placuerat Me remedia parata vulgo, in- 
pentu fucilia, ac ſine impendio, ex quibus vi vimus. Paſted fraudes 
hominum & ingeniorum capture officinas invenire iſſat, in quibus 
ſua cuique homini venalis promittitur vita. Statim compoſitiones & 
miſlure inexplicabiles decantantur. Arabia atgue India in medio 
eftimantur, ulcerique parvo medicina d Rubro mari imputatur, cum 
remedia vera quotidie pauperrimus quiſque cenet,—** Nature knows 
no other medicines than what are eaſily ſupplied, without coſt 
or labour, from the aliments on which we feed. The frauds, 
indeed, of man, and the artifices of ingenuity, have eſtabliſhed 
thoſe laboratories in which we are taught that life is to be 
bought for money. We are peſtered with nofirums and inex- 
plegble * We muſt ſcek medicines from Arabia 


and 
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habitation, ſome for utenſils, ſome for tools and 
inſtruments of work, and ſome for recreation and 
pleaſure, either to man, or to ſome of the inferior 
creatures themſelves; even for which inferior 
creatures, the liberal Creator hath provided all 
things neceflary, or anyways condueing to their 
happy, comfortable living i in this world, as well 2 
for man. 

And it is manifeſt, tee it the ate 
God, beaſts, birds, inſe&tg, plants, and every other 
genus, have, or may have, their ſeveral uſes even 
among men *, For although in one place many - 


and from India; and for a trifling ſore, a remedy muſt be im- 
ported from the Red Sea, when the pooreſt peaſant has a 
better in thoſe fimple aliments on which he daily feeds,— Plin, 
I. 24. c. 1. 

Non ſponte ſud ee e berba que contra quoſeunque 
morbos accommodate ſunt ; ſed ee voluntate opificis, ad noftram utili- 
tatem productæ funt,—* Thoſe herbs are not ſpontaneouſly -. 
brought forth by the earth which are accommodated to all. 
diſeaſes ; but human induſtry is. requiſite towards their produe- 

tion.— Baſil. Aſcet. tom. 2. 

Conſult here book x. note (), (aa), (bb). 


— 


If it ſhould be objected,“ ſays Mr. Wollaſton, (Religion 
of Nature, ſect. 5.), * that many things ſeem to be uſeleſs, many 
births are monſtrous, or the like, ſuch anſwers as theſe may be 
made. The uſes of ſome things are known to ſome men and 
not to others; the uſes of ſame are known now that were not 
known to any formerly ; the uſes of many may be known here- 
after ; and thoſe of ſome other things may for ever remain 
Ainknown to all men, and yet be in Nature, as much as thoſe 
diſcovered were before their diſcovery, or are now in reſpect 
of them who know them not.“ Ev1ToR, 
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things may lie neglected, and out of uſe, yet in 
other places they may be of great uſe. So what 
hath ſeemed uſeleſs in one age, hath been received 
in another; as all the new diſcoveries in phyſic, 
and all the alterations in diet do ſufficiently wit- 
neſs. Many things alſo there are which in one 
form may be pernicious to man; but in another 
of gout uſe, There are many plants (/), many 
| anymals, 
Among poiſonous vegetahles, none more famous of old 
than hemlock, accounted at this day alſo very dangerous to man, 
of which there are ſome diſmal examples in our Phil. Tranſ. 
Wepfer, &c, But yet this plant is food for goats, and its ſeeds 
to. buftards ; and as Galen faith, to farlings alſo. Neither is 
this ſo pernicious a plant, only food, but alſo phyfic to ſome 
animals, An borſe troubled with the farcy, and could not be 
cured with the moſt famed remedies, cured himſelf of it in a 
ſhort time, by eating hemlock, of which he cat greedily. Vi 
Phil. Tranſ. No. 231. And a woman which was cured of the 
Magus, but wanted ſleep, did with very good effet eat hemlock 
for ſome time ; till falling ill again of a fever, and having left off 
te uſe of this remedy, he ¶ Nic. Fontanus) endeavoured to procure 
ber refl by repeated doſes of opium, which had no _— till 
the help of cicuta was again called in with deſired ſucceſs. Mead. 
of Poiſ. p. 144 


And 
SBS —— 2 
The cicua is now very generally uſed in medicine. The 
experiments of Dr. Storck have ſhewn it to be poſſeſſed of very 
powerful reſolvent qualities in diſeaſes of a cancerous nature, 
and in ſerophula. It is commonly uſed in doſes of two or 
three grains of the powdered leaves a day; and ſometimes an 
extract of the ſeeds of the plant is given with equal good 
effect. 
Thus it may be reſerved for 7 WO ages to diſcover medi- 
cinal uſes for all thoſe vegetables which are at preſent nown only 
7 for 


* 
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animals, many minerals, which in one form deſtroy, 
in another heal. The Caſſada plant unprepared 

polſoneth, 
And not only hemloch, but many other, if not moſt plants 
' accounted poiſonous, may have their great uſe in medicine: 
of which take the opinion of an able judge, my ingenious and 


— 
for their noxious qualities. Even the dreadful upas or poiſon tres 
of the Iſland of Java, which is ſaid to depopulate the country 
for twelve or fourteen miles around the place of its growth, and 
create for itſelf a ſolitude where no living creature, nor eren 
plant, except itſelf can exiſt, may, in after times, be found 
to be poſleſſed of properties ſerviceable to man. The accounts 
given by naturaliſts of this tree are ſo extraordinary, that they 
have to many ſeemed a fiction of the imagination. We are 
informed, that Mr. Foerſch, a ſurgeon in the ſervice of 
the Dutch Eaſt India Company, ſtimulated. by an eager cu» 
rioſity to inveſtigate the truth of theſe accounts, procured 2 
paſs from the Governor of Batavia, and- travelled to the neareſt 
inhabited ſpot, which is about fifteen miles from the tree. Here 
an old prieſt reſides by appointment of the Emperor, whoſe 
office it is to prepare.for eternity the ſouls of thoſe unhappy 
wretches who for their crimes are ſentenced to procure poiſon 
from the upas tree, an enterprize which not above one perſon 
out of ten, who attempt it, lives to accompliſh. The prieſt in- 
formed Mr. Foerſch, that he had diſpatched above 700 crimi» - 
nals on that expedition, and that the accounts of all who re- 
turned were perfectly correſpondent to each other. The tree is 
of a middling ſize, and ſtands on the border of a rivulet, having 
five or ſix young trees of the ſame ſpecies cloſe by it, but no 
other plant or ſhrub is ſeen, not even a blade of graſs, for many 
miles around. 'The ground is of a brown ſand, full of ſtones, 
and covered with dead bodies. It can only be approached. with - 
ſafety when the wind blows towards the tree, and the wind in 

that latitude is perpetually ſhifting. The perſon who arrives 
àt the end of this hazardous journey, having his head and face 
| 5 | covered 


* 


956 - VARIETY-OF THINGS | . 11. 
poiſoneth, but prepared, is the very bread of the 


learned friend Dr. Tancred Robinſon, in a letter I have of his 
to the late great Mr, Ray, of Nov. 7, 1604, viz. According to 
my promiſe, I here ſend you a few obſervations concerning ſome 
plants, ſeldom uſed in medicine, being gſteemed poiſonous, which if 
truly correfted, or exatily doſed, may perhaps prove the moſt poer- 
- ful and ęſſectual medicines yet known, Having then given an ac- 
count of ſome of their correctives, he gives theſe following ex- 
amples, viz. 1. The hellebores incorporated with a ſapo, or alkaly- 
ſalts alone, are ſucceſsful remedies in epilepſies, vertigos, palfies,. 
lethargies, and manias. Dof. a Bj. to 3 13, 2. The Radic, 
Aſari, Cicute, and the Napellus, in agues and periodical pains. 
Dof. 9 j. to 313. 3. The hyoſcyamus in hemorrhagies, violent 
heats and perturbation of the blood, and alſo in all great inflamma- 
tions. Doſe. D j. to 3 W. 4. The ſemen firamonie is a very good 
anodyne, uſeful in Vigilia's, rheumatiſins, hyſfteric caſes, in all the 
orgaſms of the blood or ſpirits, and wherever there is an indica- 
tion for a paregoric. Dof, D j. ta 3 ſs. 5. Elaterium thus cor- 
refled, may be given from gr. x. to xv. in hydropical caſes, without 
any ſenſible evacuation or diflurbance, So may the ſoldanella and 
gratiola in greater doſes. 6. Opium corrected as afore-mentioned, 
loſes its narcotick faculty, and may be given very ſafely in great 
doſes, and proves more than uſually prevalent in canvulſive caſes, 
fluxes, catarrhs, and all painful paroxyſms, &c, 


I 


covered with a leather cap with glaſs eyes, haſtily thruſts « 
few reeds obliquely into the bark of the tree, and draws them 
out filled at the end with its juice, which is of a reſinous nature. 
The Malayans uſe it in poiſoning arrows, and the wound is 
mortal in a few minutes. Mr. Foerſch ſaw thirteen of the Empe- 
ror's concubines convicted of infidelity to his bed ſolemnly put 

to death by the wound of a poiſoned lancet ; they died in the 
greateſt agonies within the fpace of ſixteen minutes. Botanic 
Garden by Darwin, notes. This account, however, is diſere- 
dited in Sir George Staunton : Narrative of the Embaſſy ta China, 
4to Edit. 1797. Vol. i. Eviros, 


2 
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Weſt Indies (g). Vipers and Scorpions, and many 
minerals, as deſtructive as they are to man, yet 
afford him ſome of his beſt medicines. 

Or if there be many things of little, immediate 
uſe to man, in this, or any other age; yet to other 
creatures they may afford food or phyſic, or be 


of ſome neceſſary uſe. How many trees and 


planets, nay, even the very carcaſes of animals, yea, 
the very duſt of the earth (5), and the moſt re- 
fuſe, contemptible things to be met with; I fay, 


how many ſuch things are either food, or proba- 
bly medicine to many creatures, afford them re- 


treat, are places of habitation, or matrixes for their 
generation, as ſhall be ſhewed in proper place? 
The prodigious ſwarms of inſects in the air, and 
in the waters, (many of which may be perhaps at 
preſent of no great uſe to man,) yet are food to 

birds, fiſhes, repti:..., inſects themſelves, and other 


creatures (i), for whoſe happy and comfortable 
ſubſiſtence, I have ſaid the bountiful Creator 


(s) It is of the moſt general uſe of any provifen all over the 
Weſt Indies, eſpecially in the hotter parts, and ir uſed to vitual ' 
Sloan's Nat. ö ch. 5. ſect. 


Ar. Dr. Sloan 


* I have ſhewn in the Phil. Tranf. that the pediculus fatids 
cus, mortiſaga, pulſatorius, or death-avatch there delerbed, feedeth 
upon duſt; but that this duſt they eat, is powdered bread, 
fruits, or ſuch like duſt, not powdered earth ; as is manifeſt 
from their great diligence and curioſity in hunting among the 


duſt. See more in Philo. Tranſ. No. * 
(i) See book iv. chap. 11. 
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bath liberally provided, as well as for that of 
man “. 

| — 
we ought not raſhly to conclude, that every ſpecies 


5 of animals, apparently noxious to man, is in reality ſo. A few 


years ago ſome inhabitants of our American colonies endea- 
voured to extirpate the jack-daws becauſe they fancied that 
thoſe birds did much miſchief to the corn; but in proportion 
as the number of jack-daws diminiſhed, the people were ſtruck 
with the havock made by an enormous multitude of worms, 
caterpillars, and particularly may-bugs. They ſoon ceaſed to 
perſecute the jack-daws, and in proportion as theſe encreaſed 
they found themſelves delivered of their plague of vermin. The 
author who relates this fact, with others of a ſimilar nature, 
(Mr. Sturm,) draws the following juſt concluſion: « 
ſhould we be ſo ſelfiſh as to envy to animals the ſmall part of our 
proviſions which they require for food ? Is it in our power to 
conſume all that Nature produces? Shall we want any thing 
for our ſupport or pleaſure becauſe the birds, the mice, and 
the inſects help us to make uſe of the bleſſings which God 


| grants in ſuch profuſion, and part of which would be waſted, 


were not the animals to feed upon it? Inſtead of giving way 


to unjuſt complaints, let us rather in this acknowledge the 
| wiſdom of our Creator, Every thing in Nature is connected 


together. No creature is uſeleſs, or placed without deſign, 


although the uſe of many animals is unknown to us. Thus 


the ſeeing the apparent deſtruction and diſorders in Nature 
ought to make us look up to a God who has created nothing in 
vain, who preſerves nothing without a reaſon ; and who, if he 
permits any thing to be deſtroyed, it is not without a wiſe de- 
fign. If we are thoroughly convinced of theſe truths, all the 
works of God will lead us to glorify and bleſs him,” 

With regard to birds, © their uſes,” ſays Linnæus, „ in the 
economy of Nature, and for the purpoſes of mankind are va- 
rious. The falcon tribe deſtroy carcaſes, which would other - 
wiſe become ö the order of pies, pice, devour noxious 

* ſubſtances 
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ſubſtances and worms; the anſerine tribe, anſeret, leſſen the 
too numerous inhabitants of the water; the waders, gralle, 
ſeek for inſects and worms from bogs and marſhes ; the galli- 
naceous tribe, galline, pick up ſcattered ſeeds on the ground; 
the paſſerine tribe, paſſerer, feed on the ſeeds of ſhrubs and plants, 
and frequently carry theſe ſeeds, and the ova, or ſpawn of 
fiſhes and inſects, to places where they were not originally found, 
and thus help to diſſeminate uſeful productions. Aer: Franſs 
lation of Linneui's Animal Kingdom. EviTos. 
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BOOK III. 


Of che Terraqueous Globe in particular, 
more eſpecially the . | 


— 


HAVING thus taken a general proſpect of our 

Terraqueous Globe, I ſhall in this Boox come 
to its particulars. But here we have ſuch an 
immenſe variety preſenting itſelf to our ſenſes, 
and ſuch amazing ſtrokes of power and wiſdom, 
that it is impoſſible not to be at a ſtand, and 
very difficult to know where to begin, how to 
proceed, or where to end. But we muſt, how- 
ever, attempt. 

And for the more clear and regular proceeding 
on this copious ſubject, I ſhall diſtribute the — 
into its own grand conſtituent parts. 

I. The earth and its appurtenances. 

IT. The waters and theirs. | 

The firſt of theſe only, is what at preſent I 
ſhall be able to take into this ſurvey. 

And in ſurveying the earth, I intend, 

1. To conſider its conſtituent parts, or things 
peculiar to itſelf, . 

„„ eerie 2. The 
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2. The inhabitants thereof, or the ſeveral kinds 


of creatures that have their habitation, growth, 
or ſubſiſtence thereon, 


1, As to the earth itſelf, the moſt remarkable 


things that preſent themſelves to our view, are, 


1. Its various moulds and ſoils, 
2. Its ſeveral ſtrata, or beds. 


3- Its ſubterraneous paſſages, grottos, an 


| Caverns. V5 


4. Its mountains and vallies. 
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CHAP. vo pe” * 


'Y the Soils and Moulds in the Earth. 


HE veins ſoils and moulds are an admira- 
| ble and manifeſt contrivance of the all-wiſe 
Creator, in making this proviſion for the various 
vegetables (a), and divers other uſes of the crea- 
tures, For, as ſome trees, ſome plants, ſome 
grains dwindle and die in a diſagreeable foil, 
but thrive and flouriſh -in others ; ſo the all-wiſe 


- (a) It is not to be doubted, that although vegetables de- 
light in peculiar ſoils, yet they owe not their life and growth 
to the earth itſelf, but to ſome agreeable juices or ſalts, He. 
reſiding in the earth. Of this the great Mr. Boyle hath given 
us ſome good experiments. He ordered his gardener to dig 
up, and dry in an oven, ſome earth fit for the purpoſe, to 
weigh it, and to ſet therein ſome ſyugſb ſeeds (a kind of Ja- 
dian pompion). The ſeeds when ſown were with 
rain or ſpring-water only. But although a plant was produced 
in one experiment of near 3 jþ, and in another of above 14 . 
et the earth when dried, and W again, was ſcarce di- 

miniſhed at all in its weight. 
Another experiment he alleges is of Helmon's, who dried 
200 jþ of earth, and therein planted a willow weighing 5 #5, 
which he watered with rain, or diſtilled water: and to ſecure , 
it from any other earth getting in, he covered it with a per- 
forated tin - oover. Aﬀer five years, weighing the tree with all 
the leaves it had born in that time, he found it to weigh 169 lb. 
3 ounces, but the earth to be diminiſhed only about 2 ounces 


in its weight. Vide Boyle's Seqpi. Chym. part. 2. p. 114. 
H 2 - - Creator. 
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Creator hath amply provided for every kind a 


proper bed. 

If ſome delight in a warm, ſome in a cold ſoil ; 
ſome in a lax or ſandy, ſome à heavy or clayey 
ſoil; ſome in a mixture of both, ſome in this, and 
that, and the other mould, ſome in moiſt, ſome 
in dry places (5); ſtill we find proviſion enough 
for all theſe purpoſes * : Every country abound- 

| Ing 
N (5) Tu; & Tims; Lure TY; Sg, N fal ra riprrra Ti dir pan, 
&c. Ta 45 vag rut Engicy rd 0 fue, Ta N Xeujapirty Ta N 
deco, To N maYoxiu;, va b vd wir opurss, Tx N iN 
Zuret᷑ tyap ra reo pofa cara T1» xpdows irs d d, xa; ioxupe, xa} 
| Babu la, * derrehedti , xal l, ann hapoe xanvi ra plpn. 
Harra tyap ra ra, irs $i vd duoc Curt T5 Gpotory xa} TH aripoa jw 
Tir abr, bra ij Ti TmapaMayn Ti Ovow;—* All plants de- 
mand their proper places—for ſome love dry, and others moiſt 
ſituations; ſome a ſheltered or a ſhady receſs, and others a 
warm and open expoſure: ſome the mountainous, and ſome 
the marſhy. All ſeek that ſoil which is agreeable to their con- 
ſtitution; the weaker as well as the more hardy ; thoſe 
that pierce deep with their roots, as well as thoſe that increaſe 
chiefly from the ſurface ; in ſhort, wherever there is a differ- 
ence in their parts or formation; for ſimilar plants require a 


fimilar fituation, and diſſimilar vice verſa, when there is any - 
difference in their nature.” — Theophraft. de Cauſ. Plant. . 2. 


c. 9. 


The inhabitants of India, ſays Linnæus (Amen. vol. v. 
p-. 444.) ſuſtain an unceaſing languor from the heat of their 
climate, and are torpid in the midſt of profuſion. For this 
reaſon, the great Diſpoſer of Nature has clothed their country 
with trees of an amazing height, whoſe ſhade might defend 
them from the beams of the ſun, and whoſe continual freſh- 
neſs 1 in ſome meaſure temperate their fierceneſs, From 

3 theſe 


en. 1. Moblps ix THE EARTH, tot | 


ing with its proper trees and plants (c), and every 
vegetable flouriſhing and gay, ſomewhere or other 
about the globe, and abundantly anſwering' the 
almighty command of the- Creator, when the earth | | 
and waters were ordered to their peculiar place; a 
Gen. i. 11. And God ſaid, Let the earth bring forth 
graſs, the herb yielding ſeed, and the tree yielding 
fruit after 'his kind. = which we actually ſee 
( Nec vers terre ferre omnes omnia 
Fluminibus ſalices, craſſiſque paludibus 415 
Naſcuntur ; fleriles ſaxofis montibus orni : 
Littora myrtetis letiſſima : denique apertos 
Bacchus amat colles : Aquilonem & frigora taxi. 
Aſpice & extremis domitum cultoribus orbem, 
| Eoaſque domos Arabum, pifloſque Gelonos : 
Diviſe arboribus patrie, &c. Vis. Georg. * 2. 
« Nor every plant on every ſoil will grow; 
The ſallow loves the watery ground and low ; + 
The marſhes alders ; Nature ſeems to ordain 
The rocky cliff for the wild aſh's reign. 
The baleful yew to northern blaſts aſſigns ; 
To ſhores the myrtles, and to mounts the vines. 
Regard the extremeſt cultivated coaſt 
From hot Arabia to the Scythian froſt ; 
All ſorts of trees their different countries know, 
Black ebon only will in India grow, 
And od'rous frankincenſe on the Sabzan bough. 
| Dzvpzn's Virgil. 


gw. wo 


theſe ſhades 2 receives refreſhing moiſture, and animals 
a cooling protection, The whole race of ſavage animals re- 
tire in the midſt of the day to the centre of the foreſts, not 
ſo much to avoid their enemy man, as to ind. defence againſt 
the raging heats of the ſeaſon, \ .  Enirors 


my; | To 
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Io this convenience which the various ſoils that 
coat the earth are of to the vegetables, we may 
add their great uſe and benefit to divers animals, 
to many kinds of quadrupeds, towls, inſects, and 
reptiles, who make in the- earth their places of 
repoſe and reſt, their retreat in winter, their ſe- 
curity from their enemies, and their neſts to re- 
poſe their young; ſome delighting in a lax and 
pervious mould, admitting them an eaſy paſſage; 
and others delighting in a firmer and more ſolid 
earth, that will better ſecure them againſt W 
from without. 


17 
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CHAP. Il. 


Of the various Strata, or Beds, all in the 
Earth. 


THE various frrata, or beds, although but little 
different from the laſt, yet will deſerve a dif- 


_ tint conſideration, 
By the rata, or beds, 1 mean thols layers of 


minerals (a), metals (b), earth = ſtone (©), lying 


under 


(a) Although minerals, metals, and ſtones lie in beds, and 
have done ſo ever ſince Noah's flood, if not from the creation; 
yet it is greatly probable that they have power of growing in 
their reſpective beds: that as the beds are robbed and emptied 
by miners, ſo after a while they recruit again. Thus vitrial, Mr. 
Boyle thinks, will grow by the help of the air. So alum doth 
the ſame. We are aſſured (he ſaith) by the, experienced Agricola, 
that the earth or ore of alum, being robbed of its ſalt, will in tract of 
time recover it, by being expoſed to the air. Boyl. Suſpic. about 
ſome Hid. Qual. in the Air, p. 18. 

(b) As to „„ there is great reaſon to 
ſuſpe& that alſo, from what Mr. Boyle hath alleged in bis 
Obſervations about the Growth of Metals ; and in his Scept. 
_ Chym. part 6. p. 362. Compare alſo Hakewil's Apol. p. 164. 
And particularly as to the growth of iron, to the inſtances 
he gives from Pliny, Fallopius, Ceſalpinus, and others; we 


may add, what is well known in the foreſt of Dean in Glau- 


eefterſpire : That the beſt iron, and moſt in -quantity, that 
is found there, is in the old einders, which they melt 
over again. This the author of the Additions to Gloucefter- 
ſhire in Cambden's Brit. attributes . the for- 
14 | mey 
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under that upper Aratum, or tegument of the 
earth laſt ſpoken of, all of a prodigious uſe to 


mer melters, in not exhauſting the ore: but in all probability 
it is rather to be attributed to the new impregnations of the 
old ore, or cinders from the air, or from ſome 2 principle 
or plaſtick quality in the ore itſelf, 

| (e) As for the growth of fone, Mr. Boyle gives two inſtances. 
One is that famous place in France, called Les Caves Goutieres 3 
where the water falling from the upper parts of the cave to the 
ground doth preſently there condenſe into little flones, of ſuch figure 
as the drops, falling either ſeverally, or upon one another, and co- 
agulating preſently into flones, chance to exhibit. Nid. Scept. 
Chym. þ. 360. 

Such like caves as theſe I have myſelf met with in England ; 
particularly on the very top of Bredon-Hill in Worceſterſhire 
near the precipice, facing Perſhore, in or near the old fortreſs 
called Bemſbury Camp; I ſaw ſome years ago ſuch a cave, 
which (if I miſ-remember not) was lined with thoſe falattical 
ones on the top and ſides. On the top they hung like icicles 
great and ſmall, and many lay on the ground. They ſeemed 
- manifeſtly to be made by an exſudation, or exſtillation of ſome 
petrifying”j juices ont of the rocky earth there. On the ſpot, I 
thought it might be from the rains ſoaking through, and car- 
rying with it impregnations from the ſtone, the hill being 
there all rocky. Hard by the cave are one or more vaſt ſtones, 
which (if I miſtake not) are incruſtated with this ſparry, ſta- 
lactical ſubſtance, if not wholly made of it. But it is ſo many 
years ago ſince I was at the place, and not being able to 
find my notes about it, I cannot ſay whether the whole ſtone 
is (in all probability) ſpar, (as I think it is,) or whether I 
found it only caſed over with it ; notwithſtanding I was very 
nice in examining it then, and have now ſome of the fragments 


by me, conſiſting, among other ſhining parts, of ſome tranſpa- 
rent angular ones. 

The other inſtance of Mr. Boyle, is from Linſchoteri, who 
ſaith, that in the EA Indies, when they have cleared the 
diamond mines of all the diamonds, in a fr years time they find 
in the * Place new 2 3 Boyle, ibid. 


mankind; 
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mankind ; ſome being of great uſe for building; 
ſome ſerving for ornament ; ſome furniſhing us 
with commodious machines, and tools to pre- 
pare our food, and for veſſels and utenſils, and for 
multitudes of other uſes ; ſome ſerving for firing 


to dreſs our food, and to guard us againſt the in- 
ſults of cold and weather ; ſome being of great 
uſe in phyſic, in exchange and commerce, in ma- 
nuring and fertilizing our lands, in dying and 
colouring, and ten thouſand other conveniencies, 
too many to be particularly ſpoken of: only 
there is one grand uſe of one of theſe ſtrata or 
beds, that cannot eaſily be omitted, and that is, 
thoſe ſubterraneous ſtrata of ſand, gravel, and 
laxer earth that admit of, and facilitate the paſſage 
of the ſweet waters (4), and may probably be the 
| 9 50 < 


(4) It is not only agreeable to reaſon, but I am told by 
perſons converſant in digging of wells throughout this county 
of Eſſex, where I live, that the ſureſt beds in which they find 
water, are gravel, and a coarſe dark-coloured ſand; which 
| beds ſeldom fail to yield plenty of ſweet water; but for clay, 
they never find water therein, if it be a ſtrong ſtiff clay; but 
if it be lax and ſandy, ſometimes ſprings are found in it; yet 
ſo weak, that they will ſcarcely ſerve the uſes of the ſmalleſt 
family. And ſometimes they meet with thoſe beds lying next, 
under a looſe black mould, (which, by their deſcription, I 
judged to be a ſort of 00zy, or to have the reſemblance of an 
ancient ruſhy ground,) and in that caſe the water is always 
naught, and ſtinks. And laſtly, another ſort of bed they find 
in Eſſex, in the clayey lands, particularly that part called the 
Rodings, which yields plenty of ſweet water, and that is a bed 
of white earth, as though made of chalk and white TI 
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colanders whereby they are ſweetened, and than at 


the ſame time alſo conveyed to all parts of the ha- 


bitable world, not only through the temperate and 
torrid zones, but even the fartheſt regions of the 


frozen poles. 


That theſe ſtrata are the principal paſſages of the 


E * fountain- waters is, I think, not to be doubt- 
ed, conſidering that in them the waters are well 


known to paſs, and in them the ſprings are found 
by thoſe that ſeek for them: I ſay, the principal 
paſſages, becauſe there are other ſubterraneous 
guts and channels, fiſſures and paſſages, through 
which many times the waters make their way. 
Now that which in a particular manner doth 
* to me to manifeſt a ſpecial Providence of God 
in the repoſiting theſe watery beds is, that they 
ſhould be diſperſed all the world over, into all 
countries, and almoſt all tracts of land: that they 


This they ſind, after they have dug through forty or more 


feet of clay ; and it is ſo tender and moiſt, that it will not lie 
upon the ſpade, but they are forced to throw- it into their 
bucket with their hands, or with bowls ; but when it comes 
up into the air, it ſoon becomes an hard white ſtone. | 
Thus much for the variety of beds wherein the waters are 
found. That it is in theſe beds only or chiefly the ſprings run, 
is farther manifeſt from the forcible eruption of the waters 
ſometimes out of thoſe watery beds. Of which ſee chap. 4- 


mote (). This eruption ſhews, that the waters come from 


ſome eminence or other, lying at a diſtance, and being cloſely 
pent upon within the watery flratum, by the clayey ſtrata, the 
waters with force mount up, when the ſtrata above are 


opened, 
mould. 
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ſhould ſo entirely, or for the moſt part, conſiſt of 
lax, incohering earth, and be ſo ſeldom [blended 
with other impervious moulds, or if they are ſo, 
it is commonly but accidentally ; and that they 
are interpoſed between the other impervious beds, 
and ſo are as a prop and pillar to guard them off, 
and to prevent their ſinking in and OY up the 
| paſſages of the waters. | 
The time when thoſe ſtrata were laid, was doubt- 
leſs at the creation, when God ſaid, (Gen. i. 9.), 
Let the waters under the Heaven be gathered toges 
ther unto one place, and let the dry land appear ; 
or elſe at the deluge, if, with ſome ſagacious natu- 
raliſts, we ſuppoſe the globe of earth to have been 
diſſolved by the flood (e). At that time (what- 
ever it was) when the terraqueous globe was in a 
chaotic ſtate, and the. earthy particles ſubſided, 
then thoſe ſeveral beds were in all probability re- 
poſited in the earth, in that commodious order in 
which they now are found ; and that, as is afſerted, 
according to the laws (7) of gravity. 


(e) Vide Dr. Woodward's Eſſay, part 2.  Steno's Prodr, &c. 

(J) 1d. ib. p. 28, and 74. But Dr. Leigh in his Nat. Hiſt. 
of Lancaſhire, ſpeaking of the coal-pits, denies the ſtrata to lie 
according to the laws of gravitation, ſaying the ſtrata are a 
bed of marle, afterwards free-ſtone, next irongſlone, then coal, or 
kennel-mine, then ſome other ſtrata, and again coal, &c. 

But upon a ſtricter enquiry into the matter, finding I had 


reaſon to ſuſpect that few, if any, actually had tried the expe» 


riment, I was minded to bring the thing to the teſt of expe- 
riment myſelf ; and having an opportunity on April 11, 1712. 
I cauſed divers places to be bored, laying the ſeveral frata by 

. themſelves z 
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themſelves ; which afterwards I weighed with all ſtrictneſo, 
firſt in air, then in water, taking care that no air bubbles, c. 
might obſtruct the accuracy of the experiment. The reſult 
was, that in my yard, the ſtrata were gradually ſpecifically 
heavier and heavier, the lower and lower they went ; and the 
upper which was clay, was conſiderably ſpecifically lighter than 
the lower flratum ; which was firſt a looſe ſand, then a gravel. 
In which fratum principally the ſprings run that ſupply my 
well. 

But in my fields, where * places were bored, (to no 
great depth,) I found below the upper (ſuperficial ſtratum) a 
deep bed of ſand only, which was of different colours and 
conſiſtence, which I weighed as before, together with the 


virgin-mould; but they were all of the ſame, or nearly the 


ſame ſpecific gravity, both out of the ſame hole, and out of 
different holes, although the ſand was at laſt lo gravelly, that 
it hindered our boring any deeper. 

Upon this, fearing leſt ſome error might be in the former 


experiments, I tried them over again; and that with the ſame 


ſuccels, | 

After this I made ſome experiments in ſome deep chalk-pits, 
with the flints, chalk, Nc. above and | below | but the ſucceſs 
was not ſo uniform as before. 

Acquainting our juſtly renowned R. $. with theſe experi- 
ments, they ordered their operator to experiment the „rata of 
a coal-pit ; the ſucceſs whereof may be ſeen in Philaſ. Tranſ. 
No. 336. | 


[ 109 J 


CHAPEL 
Of the ſubterraneous Caverns, and the olcand't, 


Shall take notice of the ſubterraneous caverns, 
grotto's, and volcano's, becauſe they are made 

an objection (a) againſt the preſent contrivance and 
ſtructure of the globe. But, if well conſidered, 
they will be found to be wiſe contrivances of the 
Creator, ſerving to great uſes of the globe, and 
ends of God's government. Beſides many ſecret 
grand functions and operations of Nature in the 
bowels of the earth, that in all probability theſe 
things may miniſter unto, 'they are of great uſe to 
the countries where ** are (b), To inſtance in 
the 


(a) Nemo dixerit terram 1 1 quid cavernoſa ft, 
quad dehiſcat in multis locis, quod diſrupta caveis & ſpatiis inani- 
bus; iiſque nullo ordine diſpoſitis, nulld forms : nec que aliud conti- 
neant quam tenebras & ſordes ; unde graves & peſtifere exhalationes, 
terre motus, c.“ Nobody will ſay, that the earth is the 
more beautiful, that it is full of cavities and fiſſures, and in 
many places abounds with large ſubterraneous empty ſpaces 
and theſe too without order or ſymmetry, containing nothing 
but filth and darkneſs, often emitting dangerous and peſtifer- 


ous N and cauſing violent earthquakes, &c.“ —Burnet Lt, 


ubi fupr 


inhabitants of that country, by affording them fiſh, fowls, 
fodder, ſeeds, deer, ſwine, and other beaſts,” carriage for their 
goods, c. Vide Phil. Tranſ. No. 191, Cc. or Lowth. 

| Abridę. 


5 The Triebes fen in Carately' in of ins wi the 
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the very worſt of the things named, viz, the 
wolcans*s and ignivomous mountains *, although 
they are ſome of the moſt terrible ſhocks of the 
globe, and dreadful ſcourges of the ſinful inhabit- 
ants thereof, and may ſerve them as emblems and 
preſages of hell itſelf ; yet even theſe have their 
great uſes 99 8 being as ſpiracles or tunnels (c) to 

| the 


Abridg. vol. ii. p. 306, &c. where you have put together in 
one view, what is diſperſed in divers of the Tranſa#ions, This 
| fea or lake proceeds from ſome ſubterraneous grotto, or lake, 
as is made highly probable by Mr. Valvaſor. 1bid. 

The grotto Podpetſchio may be another inſtance, that the 
very ſubterraneous lakes may be of uſe, even to the inha- 
bitants of the ſurface above: of which ſee Lowth. ubi ſupr. 
p- 317. Sturmius alſo may be conſulted here in his Philaſ. Re- 
ka. Exercit. 11. de Terre mot. particularly in chap. 3. ſome of 
the moſt eminent ſpecus's are enumerated, and ſome of their 
uſes. | 


(e) Crebri ſpecus [remedium] prebent. Preconceptum enim 

ſpiritum exhalant : quod in certis notatur oppidis, que minus quati- 
| umur , 
— — 


ad There are at preſent no leſs than ſeventy-ſix volcanos 
in a ſtate of actual ignition four in Europe, twenty four ĩ in 
Aſia, three in Africa and in the iſlands that ſurround it, forty 
in America, and five in the iſlands of the Pacific Ocean. If 
the proximity of the ſea be neceſſary to ſupport the fire of vol- 
canos, as is the prevailing opinion at preſent, according to the 
ſyſtem which attributes their inflammation to pyrites; we may 
doubt whether there be any more than thoſe above enume- 
rated: for almoſt all the ſeas on the globe, with the coaſts 
which they waſh, have been carefully examined by very able 


naturaliſts, who could not have failed to obſerve them if there 
had been any. 7 Emiros, 
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the countries where they are, to vent the ſire and 
vapours that would make diſmal havoc, and of- 
tentimes actually do ſo, by dreadful ſuecuſſions and 
convulſions of the earth. Nay, if the hypotheſis 
of a central fire and waters be true, theſe out- 
lets ſeem to be of greateſt uſe to the peace and 
quiet of the terraqueous globe, in venting the ſub. 
terraneous heat and vapours; which, if pent up, 
| would make dreadful and dangerous commotions 
of the earth and waters. 

It may be then accounted as a ſpecial favour of 
the divine Providence, as is obſerved by the author 
before praiſed (d), that there are ſcarcely any 
countries, that are much annoyed with earth- 
% quakes, that have not one of theſe fiery vents. 
* And theſe (faith he) are conſtantly all in flames 
« whenever any earthquake happens, they diſgorg- 
« ing that fire, which whilſt underneath, was the 

uſe of the diſaſter. Indeed, (faith he,) were 
« it not for theſe diverticula, whereby it thus gain- 
« eth an exit, it would rage in the bowels of the 
« earth much more furiouſly, and make greater 
* havoc than now it doth. 80, that though 


. untur, crebris ad eluviem cuniculis cavata.— Thoſe numerous 
cavities are of advantage ; for they ſerve to diſcharge the va- 
pours that are generated beneath the earth. Thus it has been 
obſerved, that thoſe places have been leſs ſubje& to earthquakes 
where the ground has been much excavated and interſected by 
common ſewers.” —Plin, Hift. Nat. I. 2. c. 82. 


(d) Woodward's Eſſay, part 3, conſe. 13. 


(c thoſe 


7 

LT 

U 

# * 
1 
4 
1 


Pe 
* a 
oy 


— —— — — ———— — — — — 
. \ 
PR - 


* — — — = Pe a 
— — — 2 — 
— _— * * _ 
— - 2 
* > 
"I * 


— 5 


| ha > > 


— a" — — 
= 22 - — 


— r Rh —— — 
A — — ̃ U — — ——'—b — — =_— 
- * — 


the lava into vegetable mould; which ſpace of time, eſtimating 
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« thoſe countries, where there are ſuch wolcano's, 


& are uſually more or leſs troubled with earth- 
% quakes; yet, were theſe volcano's wanting, they 
„would be much more annoyed with them than 


„now they are; yea, in all probability to that 


& degree, as to render the earth, for a vaſt ſpace 
„around them, perfectly uninhabitable. In one 
„ word, (ſaith he,) ſo beneficial are theſe to the 
& territories where they are, that there do not 


want inſtances of ſome which have been reſcued, 
« and wholly delivered from earthquakes by the 


&* breaking forth of a new volcano there; this con- 
5 tinually diſcharging that matter, which being 
& till then barricaded up, and impriſoned in the 
„ bowels of the earth, was the occaſion of very 


great and frequent calamities.” Thus far that 


ingenious author “. 
—̃ 
* It is not foreign to the purpoſe of a work of the na- 
ture of the preſent, to take notice of an argument which of late 


has been urged againſt the authentigity of the Moſaic account 


of the creation, from the ſtrata of volcanic lavas, which are 
found at a great depth in the earth ; when we have it in our 
power at the ſame time to expoſe the inſufficiency of the rea- 
ſoning on which it is founded. It is obſerved by Sir William Ha- 


milton and others, that in pits that have been dug in the vicinity 


of Veſuvius and Etna, many beds of lava have been diſcovered at 


| conſiderable depths below cach other, all of which are covered 
vwith ſucceſſive ſtrata of vegetable earth. Theſe muſt have pro- 


ceeded from ſucceſſive eruptions, between cach of which, a ſpace 
of time muſt have intervened ſufficient to convert the ſurface of 


from 
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from the periods between the eruptions recorded in hiſtory, and 
the formation of ſoil that has been obſerved during thoſe periods, 
is computed at an average to have been 1000 years, Ten or 
twelve ſucceſſive ſtrata of lava, each covered with vegetable earth, ' 
are therefore proofs of a period of 10 or 12,000 years having 
clapſed ſince the firſt of thoſe eruptions, This argument pro- 
ceeds on aſſuming it as a fact that all lava is of the ſame nature, 
equally hard and ſolid, and capable af reſiſting equally the 
effects of the weather in converting its ſubſtance into mould. 
But this fa is contrary to truth, ſome lavas being incompara- 
bly more porous, friable, and eaſily diſſolved than others. Some 
eruptions are accompanied with vaſt ſhowers of aſhes, and con- 
fiſt chiefly of ſuch ; now a ſtratum of this nature will, in a very 
few years, acquire a ſurface fit for the purpoſes of vegetation, 
and ſuch, for any thing we know to the contrary, may have 
been the nature of moſt of thoſe numerous ſtrata, on which 
thoſe naturaliſts have founded their argument. Sir William 
Hamilton himſelf furniſhes a fact which, indeed, overturns the 
whole of this hypothetical reaſoning, The city of Hereulaneum 
was deſtroyed by an eruption of Veſuvius, A. D. 97. There 
are evident marks, ſays he, that ſix eruptions of the mountain 
have taken their courſe over this city ſince it ſtood on the ſur- 
face; for each of the fix ſtrata of lava is covered with good 
vegetable ſoil. Now, theſe fix vegetable coverings have been 
formed in. leſs than 1700 years, which inſtead of giving 
1000 years to the production of each, does not give even 300. 
— What then ſhall we ſay of a theory which reſts on ſo futile 
a foundation? EviTor. 


w 


Yet.'b 1 
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HA. 
Of the Mountains * and Valleys. 


THE laſt thing I ſhall take notice of relating to 
the earth, ſhall be the H and valleys. Theſe 

the eloquent heori/t owns to © contain ſomewhat 
5 « auguſt 


| | 


Mountains may de claſſed under four different heads: 
1. Primitive; 2. Secondary, or regularly ſtratiſied; 3. Alluyial ; 
4. Volcanic, The primitive mountains are thofe great bul- 
warks which form a chain on the ſurface of the earth, and 

eatly exceed the others in height, (See the phyſical map 
in book iv. c. 9. which gives a view of the great chains of 
primitive mountains, that interſect the continent of Europe, 
and part of Aſia and Africa.) They riſe often with a very 
ſudden elevation, and preſent aſtoniſhing peaks and precipices 
inacceſſible to the intrepidity of man, and have their ſummits 
covered with eternal ſnow, or accumulations of ice. Theſe 
great maſſes of matter are not ſtratified ; they break into irre- 
gular ſhapes, and their component parts are of different ſizes, 
and irregularly mixed. They contain no petrifactions, and 
are therefore ſuppoſed to have exiſted previouſly to the form- 
ation of animals and vegetables. The ſecondary mountains 
ſeem to be of a later formation : they have been produced by 
precipitation, and they conſiſt of ſtratified layers containing 
often petrifactions of animals and vegetables, and alſo metals. 
The alluvial mountains have been apparently formed by depo- 
fition at a later period than thoſe of the ſecond claſs, They 
are found on the beds of rivers, and near the ſea-coaſt ; and 


they conliſt of layers of calcareous and argillaceous earth, of 
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4 auguſt and ſtately in the beliolding of them, that 

« inſpireth the mind with great thoughts and paſs 
e ſions, that we naturally on fuch occaſions think 
« of God and his greatneſs.” But then, at the 


ſame time, he faith, “ The hills are the greateſt 
« examples of ruin and confuſion ; that they have 
<< neither form nor beauty, nor ſhape, nor order, 
* any more than the clouds in the air; that they 
« confiſt not of any proportion of parts, referable 
« to any deſign, nor have the leaſt footſteps of 
art or counſel.” Conſequently one grand part 
of this lower creation, even the whole preſent 
face of our terraqueous globe, according to this 
ingenious author, is a work of mere chance, a 
ſtructure in which the Creator did not enen 
himſelf, en | 
Part of thi charge I lands ai bey an- 
ſwered, and my ſurvey now leads me to ſhew, 
that the mountains are ſo far from being a blun- 
der of chance, a work without deſign, that they 
are a noble, uſeful, yea, neceiſary part of our | 
globe (a). OREN 
(e) Though he 8 tht think mountains to be a 
to-the earth, &c. yet if 4well conſidered, they will be found a much 
to conduce to the beauty and conveniency of the univerſe, as = 
2 — — f 
| loam which conſiſts of decompoſed or mouldered ſtones, of ſand 
and various other ſubſtances which the water has waſhed from 


the ſurface of the earth, or brought down from the higher 
mountains,—The volcanic mountains are formed by fire, and 


conkſt of baſaltes, lavas, tufas, * * Kc. Epironx. 
12 And 
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And in the firſt place, as to the buſineſs of or- 
nament, beauty, and pleaſure, I may appeal to all 
men's ſenſes, whether the grateful variety of hills 
and dales, be not more pleaſing than the largeſt 
continued plains. Let thoſe who make it their bu- 
ſineſs to viſit: the globe, to divert their ſight with 
the various proſpects of the earth; let thoſe, I ſay, 
judge whether the far diſtant parts of 'the earth 
would be ſo well worth viſiting, if the earth was 
every where of an even, level, globous ſurface, or 

one large plain of many 1000 miles and not ra- 
ther, as now it is, whether it be not far more 
pieaſing to the eye, to view from the tops of the 
mountains the fubjacent vales and ſtreams, and 
the far diſtant hills; and again from the vales to 
behold the ſurrounding mountains. The elegant 


the other parts. Nature (ſaith Pliny) purpoſely framed them for many 
excellent uſes ; partly to tame the violence of greater rivers, to ftrengthen 
certain joints wwithin the veins and bowels of the earth, to break the 
force of the ſea's inundation, and for the fafety of the earth's inhabit- 
ants, whether beaſls or men. That they make much for the protec- 
tion of beaſts, the Pſalmifſt teſtifies, The higheſt hills are a refuge 
for the wild goats, and the rocks for conies. The kingly prophet 
had likewiſe learnt the ſafety of thoſe by his own experience, when 
| he alſo was ſain to make a mountain his reſuge from the fury of his 
maſter Saul, who proſecuted him in the wilderneſs. True indeed, 
ſuch places as theſe keep their neighbours poor, as being moſt barren, 
but yet they preſerve them ſafe, as being moſt flrong ; witneſs our 
unconguered Wales and Scotland. —Hherefore a good anthor doth 
rightly call them Nature's bulwarks, caſt up at God Almighty's 
charges, the ſeorns and curbs of viclorious armies ; which made the 
barbarians in Curtius /o confident of their own ſafety, &c.— Biſhop 
Wilkin's World in the Moon, p, 114. 


1 | 5 | ſtrains 
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ſtrains and lofty flights, both of the ancient and 
modern poets on theſe occaſions, are teſtimonies 
of the ſenſe of mankind on this APY « 
the earth, 

But be the caſe as it will as to beauty, which is 
the leaſt valuable conſideration, we ſhall find as to 
convenience, this configuration of the earth to be 
far the moſt commodious on ſeveral accounts. 

Firſt, As it is the moſt ſalubrious, of great uſe 
to the preſervation or reſtoration of the health of 
man. Some conſtitutions are indeed of ſo happy 
a ſtrength, and ſo confirmed an health, as to be 
indifferent to almoſt any place or temperature of 
the air : but then others are ſo weakly and feeble, 
2s not to be able to bear one, but can live comfort- 
ably in another place. With ſome, the finer and 
more ſubtile air of the hills doth beſt agree, who 
are languiſhing and dying in the feculent and 
grofſer air of great towns, or even the warmer a 
and vaporous air of the valleys and waters: but 
contrarywiſe others languiſh on the hills, and 
grow luſty and ſtrong in the warmer air of the 
valleys. 

So that this opportunity of ſhifting our bose 
from the warmer and more vaporous air of the val- 
leys, to the colder and more ſubtile air of the hills, 
or from the hills to the vales, is an admirable 
eaſement, refreſhment, and great benefit to the 
valetudinarian feeble part of mankind, affording 
thoſe an eaſy and comfortable life, who would 
live miſerably, languith, and pine away. 

13 2. To 
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2. To this ſalutary conformation of the earth, 
we may add another great convenience of the hills, 
and that is, in affording commodious places for ha- 
bitation ; Serving“ (as an eminent author (6) 
wordeth it) “ as ſkreens to keep off the cold and 
„ nipping blaſts of the northern and eaſterly winds, 
« and reflecting the benign and cheriſhing ſun« 
cc beams, and fo rendering our habitations both 
& more comfortable and more chearly in winter; 
« and promoting the growth of herbs and fruit 
6 trees, and the maturation of the fruits in ſum. 
66 mer.“ 

3. Another benefit of the hills is, that they ſerve 
for the production of great varieties of herbs and 
trees (c). And as there was not a better judge of 
thoſe matters, ſo I cannot give a better account of 
this commmigace, than in the words of the laſt 


00 Ray's Wiſdom of God, de. p, 251. Diſco of the 
World, p- 35» | 

(e) Theophraſtus having reckoned u the troop that delight 
mint in the hills, and others in the aer, oblerveth, Arana 
* z work Tw dos nal Twy vier, 4 ply v Ta)\Nw Th Us 
na is vol; edle viurra. Eber d vr xaton Twr E x6l 53+ 
aan, Tu ino. Theoph, Hiſt. PL J. 3. Co + "ATara & i a 
T6; dale rome, KaNiu E u, Kai warner fvolund, —T% A youp 
Oi 7g; ipolfus dal M dg. 1 U d, Tu; ivoximii; Ka. in. 
Iid. 1, 4. c. 1. But all thoſe which commonly grow both 
on the mountains and in the valleys are obſerved to thrive 
more luxuriantly in the valleys ; but to produce better fruit, and 
to be more excellent in ſubſlance, when growing on the moun- 
tains ; for all theſe plants grow beſt and moſt luxuriantly in 
their proper ſit uations ; fer ſome prefer watery and n 


lol, others an * and ſunny expoſure,” 
cited 


CH, IV. AND VALLEYSs 119 


cited famous author, the late moſt eminent and 
learned Mr. Ray (d), (who hath fo fully diſcuſſed 
this ſubje& I am upon, that it is ſcarce poſſible to 
' tread out of his ſteps therein). His obſervation is, 
« That the mountains do eſpecially abound with 
<« different ſpecies of vegetables, | becauſe of the 
great diverſity of ſoils that are found there, 
e every vertex or eminence almoſt affording new 
& kinds, Now theſe plants (ſaith he) ſerve part- 
& ly for the food and ſuſtenance of ſuch animals 
<« as are proper to the mountains, partly for medi- 
6 cinal uſes ; the chief phyſic, herbs, and roots, 
and the belt in their kinds growing there: it be- 
„ing remarkable, that the greateſt and moſt lux- 
* uriant ſpecies in moſt genera of plants are native 
of the mountains.“ 

4. Another convenience which my laſt named. 
learned friend obſerves (e) is, © that the moun- 
6 tains ſerve for the harbour, entertainment, and 
© maintenance of various animals, birds, beaſts, 
« and inſects, that breed, feed, and frequent there. 
„For (faith he) the higheſt tops and pikes of 
the Alpes themſelves are not deſtitute of their in- 
5 habitants, the ibex or fein- buch, the rupicapra 
& or chamois, among quadrupeds; the lagopus- 
among birds. And I myſelf (faith he) have ob- 
* ſerved beautiful papilio's, and ſtore of other in- 
6e ſects upon the tops of ſome of the Alpine moun- 


(4) Wiſdem of God, p. 252. (oe) Ni ſupra,” | 
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« tains. Nay, the higheſt ridges of many of theſe 
© mountains ſerve for the maintenance of cattle, 
& for the ſervice of the inhabitants of the valleys.” 
5. Another thing he obſerves is, © that thoſe 
long ridges and chains of lofty and topping 
mountains, which run through whole continents 
« Faſt and Welt (/), ſerve to ſtop the evagation of 
& the vapours to the North and South in hot coun- 
& tries, condenſing them like alembic heads into 
water, and fo (according to his opinion) by a 
6 kind of external diſtillation giving original to 
4 ſprings and rivers; and likewiſe by amaſſing, 
cooling, and conſtipating of them, turn them into 
rain, by thoſe means rendering the fervid re- 

« gions of the torrid- zone habitable.“ 
To theſe might be added ſome other uſes and 
conveniencies (g); as that the hills ſerve to the 
| | genera · 


of 7 Many have taken notice, that ſome of the greateſt 
eminences of the world run generally Eaſt and Weſt, of which 
take the late ingenious and learned Dr. Nicholl's account 
[ Confer, with a Theifl, part ii. p. 191.) To go 10 farther than 
aur own country, all our great ridges of hills in England run 
Zaftl and Wift ; ſo da the Alps in Italy, and in ſome megſure the 
Pyrenees ; % do the mountains of the moon in Africk, and fo de 
Mount Taurus and Caucaſus, This (he faith) is a wiſe con- 
- trivance 10 prevent the vapours, which would all run northwards, 

and leqve no rains in the Mediterranean countrive, 
| G That the generation of many of the clouds is owing 
to the hills, appears from the obſervations of the ingenious 
and learned Dr. Joh. Jam. Scheuchzer of Zurich, and Mr, 
Gaal, Frid. Creitlevius cited by him, They obſerved at ſun- 
riling, 
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generation of minerals and metals (), and that in 
them principally are the moſt uſeful foſſiles found; 


riſing, divers clouds detached by the heat of the ſun, from, 
ſome of the tops of the Alo, &c. upon all which their obſery- 
ations, the concluſion is, Mirati ſummam Creatoris ſupientiam, 
qui & id quod pauls ante nulli nobis uſui efſe videbatur, maximis 
rebus deflinaverat, adeoque ex illo tempore dubitare capi, num nubes 
efſent future, fi iſtiuſmodi montes & petre non darentur. Hypo- 
thefi hic flante, eluceſceret permagna utilitat, imò neceſſitas, quam 
Helveticæ Alpes non nobis tantùm accolis ſed & vicinis alis regio- 
nibus preflant, diſpenſando, quas gignunt nubes, wventos, aquas. 
We admired the great wiſdom of the Creator, who had 
deſtined for the moſt important purpoſes thoſe things which 
before ſeemed to us of no utility; and I then began to doubt, 
whether thoſe clouds would ariſe, if it were not for the moun- 
tains and rocks? If this hypotheſis is juſt, it will thence ap- 
pear how uſeful, how neceſſary thoſe Helvetic Alps are to us, 
as well as to the neighbouring regions, in generating clouds, 
winds, and rain,” —Scheuch. Iter. Alpin. 2. p. 20. 

(h) Let us take here 0/. Mag. Obſervation on his Northern 
Mountains: Mantes excelſi ſunt, ſed pro majori parte fteriles, & 
aridi ; in quibus fere nil aliud pro incolarum commuditate & conſer- 
vatione gignitur, quam inexhauſla pretioſorum metallorum ubertas, 
gud ſatis opulenti, fertil:ſque ſunt in omnibus vite neceſſariis, forſitan 
& ſuperfluis aliunde ſi libet conquirendis, unanimique robore, ac viri- 
bus, ubi vis contra bac nature dona intentata fuerit, defendendis. 
Acre enim genus hominum eft, &c.—** The mountains are high, 
but for the moſt part dry and barren, producing nothing for 
the ſupport or utility of the inhabitants, but an inexhauſtible 
ſtore of the moſt precious metals, by which they are ſupplied, 
even to opulence, with all the neceſſaries and even the ſuper · 
fluities of life, which they purchaſe from other quarters, The 
nature of their country too, gives that ſtrength and vigour of 
conſtitution to its inhabitants, which enables them to defend 
thoſe gifts of Nature againſt all invaders. They are a moſt 
hardy race of men.” —0/, Mag. Hiſt. I. 6. Praf. See alſo Sir 
Robert Sibbald's Prodr. Nat. Hiſt. Scot. p. 47+ 


Or. 
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or if not ſound and generated only in them, yet at 
leaſt all theſe ſubterraneous treaſures are moſt eaſily 
come at in them : alſo their uſe to ſeveral nations 
of the earth, in being boundaries and bulwarks to 
them. But there is only one uſe more that I ſhall 
inſiſt on, and that is, 

6. And laſtly, that it is to the hills that the 
fountains owe their riſe, and the rivers their con- 
veyance. As it is not proper, ſo neither ſhall I 
| here enter into any diſpute about the origin of 
ſprings, commonly aſſigned by curious and learned 
philoſophers. But whether their origin be from 
condenſed vapours, as ſome think (i); or from 
rains falling, as others; or whether they are de- 
rived from the ſea by way of attraction, percola- 
tion, or diſtillation ; or whether all theſe cauſes 
concur, or only ſome, ſtill the hills are the grand 
agent in this prodigious benefit to all the earth: 
thoſe vaſt maſſes and ridges of earth ſerving as ſo 
many huge alembics or cola in this noble work of 
Nature. 

But be the be, or the 50 Nature hes 
in this great work as it will, it is ſufficient to my 

purpoſe, that the hills are a grand agent in this ſo 
noble and neceſſary a work : and conſequently, 
that thoſe vaſt maſſes, and lofty piles, are not as 
they are charged, ſuch rude and uſeleſs excre- 
ſcences of our ill-formed globe ; but the admirable 
tools of Nature, contrived and ordered by the in- 


(i) See book i. chop. iii. note (b). | 
finite 
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finite Creator, to do one of its moſt uſeful works, 
and to diſpenſe this great bleſſing to all parts of 
the earth; without which neither animals could 
live, nor vegetables ſcarcely grow, nor perhaps 
minerals, metals, or foſſiles receive any increaſe. 
For was the ſurface of the earth even and level, 
and the middle parts of its iſlands and continents 
not mountainous and high, (as now it is,) it is 
moſt certain there could be no deſcent for the 
rivers, no conveyance for the waters; but inſtead 
of gliding along thoſe gentle declivities which the 
higher lands now afford them quite down to the 
ſea, they would ſtagnate, and perhaps ſtink, and 

alſo drown large tracts of land. | 
But indeed, without hills, as there could be 
no rivers, ſo neither could there be any foun- 
tains, or ſprings about the earth; becauſe, if we 
could ſuppoſe a land could be well watered (which 
I think not poſlible) without the higher lands, the 
waters could find no deſcent, no paſſage through 
any commodious outlets, by virtue of their own 
gravity ; and therefore could not break out into 
thoſe commodious paſſages and currents, which we 
every where almoſt find in. or near the hills, and 
ſeldom or never in large and ſpacious plains; 
and when we do find them in them, it is generally 
at great and inconvenient depths of the earth ; 
nay, thoſe very ſubterraneous waters, that are any 
where met with by digging in theſe plains; are in 
all probability owing to the hills, either near or 
far diſtant ; as among other inſtances may be made 
ts. out, 


& 
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out, from the forcible eruption of the ſubterrane- 


ous waters in digging wells in the Lower Auſtria, 
and the territories of Modena, and Bologna in Italy, 


mentioned by my fore-named learned friend Mr, 


Ray (k). Or if there be any ſuch place found 
throughout the earth, that is devoid of mouutains, 
and yet well watered, as perhaps ſome ſmall 
Hands may; yet in this very caſe, that whole 


| maſs of land is no other than as one mountain 


hy (k) Monſieur Blundel, aloud to the Pariſian academy, what 


Avice the inhabilants of the Lower Auſtria Cabich is encom- 


Paſſed with the mountains of Stiria) are wont to uſe to fill their 


avells with water. They dig in the earth to the depth of taventy- 
Ave and twenty feet, till they come to an argilla [clammy earth] 


——which they bore through ſo deep, till the waters break forcibly 
aut 5 which water it is probable comes from the neighbouring moun- 
tains in ſublerraneous channels. And Caſſinus obſerved, that in 
many places of the territory of Modena and Bologna in Italy, they 
make themſelves wells by the like artifice, &c, By this means the 


fame Seig · Caſſini made a fountain at the caſtle of Urbin, that caſt 


wþ the water five foot high abobe the level of the ground. —Ray's 
Dilc. 1. p. 40. ubi plura. 

Upon inquiry of ſome {kilful- workmen, whoſe bufineſs it 
1s to dig wells, &c. whether they had ever met with the like 
caſe, as theſe in this note, they told me they had met with 
it in Eſer, where, after they had dug to ſifty foot depth, the 
man in the well obſerved the clayey bottom to ſull and be- 
gin to fend out water, and ſtamping with his foot to ſtop the 
water, he made way for ſo ſudden and forcible a flux of water, 


that before he could get into his bucket, he was above his 


wafte in water; which ſoon aſcended to ſeventeen feet height, 
and there ſtayed : and although they often, with great labqur, 
endeavoured to empty the well, in order to finiſh their work, 
yet they could never do it, but were forced to leave it as it 
Was, 


deſvending 
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deſcending (though unperecivedly) gently down 
from the midland parts to the ſea, as moſt other 
lands do; as is manifeſt from the deſcent of their 


rivers, the principal of which in moſt countries 
have generally their riſe in the more lofty midland 
ts. 
1 now conſidering what hath been ſaid con- 
cerning this laſt uſe of the hills, there are two or 
three acts of the Divine Providence obſervable 
therein. One is, that all countries throughout the 
whole world ſhould enjoy this great benefit of 
mountains, placed here and there, at due and pro- 
per diſtances, to afford theſe ſeveral nations this 
excellent and moſt neceilary element the waters. 
For according to Nature's tendency, when the 
earth and waters were ſeparated, and ordered to 
their ſeveral places, the earth muſt have been of 
an even ſurface, or nearly ſo. The ſeveral com- 
ponent parts of the earth muſt have ſubſided ac- 
cording to their ſeveral ſpecific gravities, and at 
laſt have ended in a large, even, ſpherical ſurface, 
every where equi-diſtanr from the centre of the 
globe. But that inſtead of this form, ſo incom- 
modious for the conveyance of the waters, it ſhould 
be jetted out every where into hills and dales, fo 
neceſſary for that purpoſe, is a manifeſt ſign of an 
eſpecial Providence of the wiſe Creator. 
So another plain ſign of the ſame eſpecial Pro- 
vidence of God, in this matter, is, that generally, 
throughout the whole world, the earth is ſo diſ- 
poſed, ſo ordered, ſo well-laid ; I may fay, that the 
mi 
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midland parts, or parts fartheſt from the ſea, are 
commonly the higheſt : which is manifeſt, I have 

aid, from the deſcent of the rivers. Now this is 
an admirable proviſion the wiſe Creator hath made 
for the commodious paſſages of the rivers, and for 
draining the ſeveral countries, and carrying off the 
ſuperfluous waters from the whole earth, which 
would be as great an annoyance, as now they are 
a convenience. 

Another providential benefit of the hills ſupply- 
ing the earth with water, is, that they are not only 
- Inſtrumental thereby, to the fertility of the valleys, 
but to their own alſo (J); to the verdure of the 
vegetables without, and to the increment and vi- 
yu of the treaſures within them. 

Thus having vindicated the preſent form and fa- 
0 of the earth, as diſtributed into mountains 


(1) As the hills being higher, are naturally diſpoſed. to be 
drier than the valleys; ſo kind Nature hath provided the 
greater ſupplies of moiſture for them, ſuch at leaſt of them as 
do not aſcend above the clouds and vapours. For, beſides the 
* fountains continually watering them, they have more dews 
and rains commonly than the . valleys. They are mote of 
quently covered with fogs ; and by retarding, ſtopping, or 
compreſſing the clouds, or by their greater colds condenfing 
them, they have larger quantities of rain fall upon them : as 
I have found by actual experience, in comparing my obſerv- 
ations with thoſe of my late very curious and ingenious cor- 
reſpondent, Richard Townley, eſq. of Lancaſhire, and ſome 
others, to be met with before, chap. ii. note (a). From which 
it appears, that above double the quantity of rain falleth in 
Lancaſhire, than doth at Upminſler. The reaſon, of which is, 
becauſe Lancaſhire hath more, and much _ ger hills than 
Ss Meh. ah note (e). - 

an 
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and valleys, and thereby ſhewn in ' ſome meaſure 
the uſe thereof, particularly of the mountains, 
which are chiefly found fault with; I have, I hope, 
made it in ſome meaſure evident, that God was no 
idle ſpectator (m), nor unconcerned in the ordering 
of the terraqueous globe, as the former bold charges 
againſt it do infer; that he did not ſuffer ſo grand 
a work as the earth to go unfiniſhed out of his 
Almighty Hand; or leave it to be ordered by 
chance, by natural gravity, by caſual earthquakes, 
Dc. but that the noble ſtrokes, and plain remains 
of wiſdom and power therein, do manifeſt it to be 
his work. That particularly the hills and vales, 
though to a peeviſh weary traveller they may 
ſeem incommodious and troubleſome, yet are a 
noble work of the great Creator, and wiſely ap- 
pointed by him for the good of our ry 
world. 

And ſo for all the other parts of our terraque- 
ous globe, that are preſumed to be found fault 
with by ſome, as if careleſsly ordered, and made 
without any defign or end; particularly the diſ- 
tribution of the dry land and waters ; the laying 


the ſeveral ſtrata, or beds of earth, one; 1 


(* Aceuſandi ſane med ſententid hic ſunt ſophifte, gui cini nun- 
dum invenire, neque exponere opera Nature queant, cam eam tamen inere 
te atque inſcitis condemnant, &c.—** Thoſe ſophiſts are, in m 

opinion, truly blamable, who, unable to inveſtigate ar to "4 
plain the operations of Nature, yet pretend to accuſe her of 
ignorance and unſkilfulneſs,” Galen. de . U/. part i. I. 10, 


& 9. 


other 
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other layers before ſpoken of; the creation of 
noxious animals, and poiſonous ſubſtances; the 
boiſterous winds; the volcano's, and many other 
things which ſome are angry with, and will pre- 
tend to amend : I have before ſhewn, that an infi- 
nitely wiſe Providence, an Almighty Hand was 
concerned even in them; that they all have their 
admirable ends and uſes, and. are highly inſtru- 
mental and beneficial to the being, or well-being 
of this our globe, or to the creatures reſiding 
_ $0 alfo for human bodies, it hath been an an- 
cient (n), as well as modern complaint, that our 

(n) Vide quam iniqui ſint divinorum munerum ęſtimatoret, etiam 
quidam profeſs ſapientiam. Queruntur quod non magnitudine cor- 
| forum aquemus elephantes, welocitate cer vos, levitate aver, impetu 
fauros ; quod ſolidior fit cutis belluis, decentior damis, denſior 
urſir, mollior fibris ; quid ſagacitate nous narium canes vincant, 
- quod acie luminum aguile, patio ætatit corvi, multa animalia 

nandi facilitate. Et cum guedam ne coire quidem in idem Natuta 
„ut velocitatem corports & wires pares animalibus habea- 
| mus ; ex diverfis & diffudentibus bonis hominem non eſſe compoji- 


tum, injuriam wocant ; & in negligentes moftri Deos querimoniam 
jaciunt, quid non bona waletudo, & vitiis inexpugnabilis data 
fit, quod non ſuturi ſcientia. Vis ſibi temperant quin eouſque 
impudentie provehantur, ut Naturam oderint, quod infra Deos ſu- 
mus, quod non in quo illis flelimus.— Mark how unjuſtly 
the Divine Bounty is eſtimated even by thoſe who pretend 
to be philoſophers. They complain that man does not equal the 
glephant in bulk, the ſtag in velocity, the birds in lightneſs, 
the bull in ſtrength ; they complain that Nature ſhould have 
given a ftronger {kin to the wild beaſts. than to them; a finer 
covering to the doe, a thicker to the bear, a ſofter to the 
 H_ : that the dogs ſurpaſs us in acuteneſs of hel, 
| the 


r u 
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bodies are not as big as thoſe of other animals; that 
we cannot run as ſwift as deer, fly like birds, and that 
we are out-done by many creatures in the | 
of the ſenſes, with more to the ſame purpoſe. But 
theſe objections are well anſwered by Seneca (o), 
and will receive a fuller ſolution from what I ſhall 
obſerve of animal bodies hereafter. - | 

But indeed, after all, it ls only fat wxatafigent 


knowing theſe things better, that we do not ads 


the eagles in ſight, the ravens in longevity, and a variety of 
animals in the faculty of ſwimming. And even in thoſe parti- 
culars which Nature has refuſed to combine, ſuch as the 
greateſt ſtrength and the greateſt velocity, they think they are 
unjuſtly dealt with, if for their ſake the moſt diſcordant qua- 
lit ĩes are not united: they accuſe the Gods, that human Nature 
is ſuhject to infirmity and diſeaſe ; they repine that they have 
not a knowledge of futurity. Scarcely do they refrain from 
curſing Nature for not forming them equal to the Divinity.“ 
— de Benef. lib. 2. c. 29 

(% Quanto ſatins off ad ARE tot tantorumque bene- 
fieiorum reverti, & agere gratias, quod nos in hot pulcherrimo da- 
micilio voluerunt (Di) ſecundos ſortiri, quad terrenis prefecerunt. + 

How much better is it to turn to the contemplation of 
ſuch various, ſuch extenſive bleſſings, and to render thanks to 
the Divinity for having placed us inferior only to himſelf in 
this beautiful manſion ; for having ſet us above all other earthly 
creatures.” Then having reckoned up many of the privileges 
and benefits, which the Gods, he faith, have conferred upon 
us, he concludes, [ta eft : cariſſmos nos habuerunt Dii immortalety 
habentque. Et qui maximus tribui honos potuit, ab ipfis proximo? 
collocaverunt. | Magna accepimut, majora non cepimus.—** For ſo 
it is: we are moſt dear in the fight of the Gods, and always 
have been ſat for (what is our higheſt honour) they have 
ranked us next to themſelves.” —Senec. [bid 
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mire (ↄ) them enough; it is our own ignorance, 
dulneſs, or prejudice, that makes us charge thoſe 
noble works of the Almighty, as defects or n 

ders, as ill-contrived, or ill made. 
| It is therefore fitter for ſuch finite, weak, igno- 
rant beings as we, to be humble and meek, and 
conſcious of our Ignorance, and jealous of our own 
judgment, when it thus confronteth infinite wiſ- 
dom. Let us remember how few things we know, 
| how many we err about, and how many we are 
ignorant of: and thoſe, many of them, the moſt 
familiar, obvious things ; things that we ſee and 
handle at pleaſure ; yea, our own very bodies, and 
that very part of us whereby -we underſtand at 
all, our ſoul. And ſhould we therefore pretend to 
cenſure what God doth ! Should we pretend to 
amend his work! or to adviſe infinite wiſdom ! 
or to know the ends and purpoſes of his infinite 
will, as if we were of his council! No, let us bear 
in mind, that theſe objections are the products, 
not of reaſon, but of peeviſhneſs. They have been 
incommoded by ſtorms and tempeſts; they have 
been terrified with the burning mountains, and 
earthquakes ; they have been annoyed by the nox- 
ious animals, and fatigued by the hills; and there- 
fore are angry, and will pretend to amend theſe 
works of the Almighty. But in the words of St. 

(o) Naturam maxim? admiraberis, i omnia jus opera perlu- 
firdrie,—* Could you ſurvey all the works of Nature, great 
would be your admiration.” Galen. de UF. Part. I. 11. con- 


eluſ. 
8 K* Paul, 
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Paul (q), we may ſay, Nay, bur O man, who art 
thou that replieſt againſt God ? Shall the thing form- 
ed ſay to him that formed it, Why haſt thou made 
me thus ? Hath not the potter power over the clay, 

of the ſame lump, to make one veſſel' to honour, and 
another to diſhonour ? If the Almighty Lord of 
the world had, for his own pleafure, made this 

our world more inconvenient for man, it would 

better become us to fit ſtill, and be quiet; to la- 
ment our own great infirmities and failings, which 
deſerve a worſe place, a more incommodious habits. 
ation, than we meet with in this elegant, this well. 
contrived, well-formed world; in which we find 
every thing neceſſary for the ſuſtentation, uſe, and 
pleaſure, both of man, and every other creature 
here below ; as well as ſome whips, ſome rods to 
ſcourge us for our fins (r). But yet ſo admira- 
| bly well tempered is our ſtate, ſuch an accord, 


(9g) Rom. ix. 20, 21, * 

id Neither are they [noxious creatures] of leſe uſe to amend 
bur minds, by teaching us care and diligence, and more wit. Aud 
fo much the more, the worſe the thing are we ſee, and ſhould 
avoid. Weazels, kites; and other miſchievous animals, induce 
us 1 a watchſulneſs : thiſtles and moles to good huſbandry ; 
lice oblige us to cleanlineſs in our bodies ; ſpiders in our houſes ; 
and the moth in our clothes. The deformity and filthineſs ＋ 
ſwine, make them the beauty: ſpot of the animal errution, and t 
emblems of all vice.—The truth is, things are hurtful to us only by 
accident; that is, not of neceſſity, but through our own negligence 
or miflake. Houſes decay, corn is blaſted, and the wweazel breeds in 
malt, ſoongſl towards the South. Be it ſo, it it then our own 
fault, if we uſe not the means which Nature and art have provided 
againſt theſe intonveniences,—Grew's Coſmol. c. 2. ſe. 49, 50. 
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ſuch an harmony is there throughout the creation, 
that if we will but purſue the ways of piety and 
virtue, which God hath appointed; if we will 
form our lives according to the Creator's laws, we 
may eſcape the evils of this our frail ſtate, and 
find ſufficient means to make us happy whilſt we 
are in the body. The natural force and tendency 
of our virtue, will prevent many of the harms (/), 
and the watchful Providence of our Almighty Be- 
nefactor will be a guard againſt others; and then 
nothing is wanting to make us happy, as long as 
we are in this world, there being abundantly 
enough to entertain the minds of the moſt contem- 
plative; glories enough to pleaſe the eye of the 
moſt curious and inquiſitive; harmonies and con- 
ſorts of Nature's own, as well as man's making, 
ſufficient to delight the ear of the moſt harmoni- 
ous and muſical; all ſorts of pleaſant guſto's to 
gratify the taſte and appetite, even of the moſt 
luxurious; and fragrant odours to pleaſe the niceſt 
and tendereſt ſmell: and in a word, enough to 
make us love and delight in this world, rather too 
much than too little, conſidering how nearly we 
are allied to another world, as well as this. 


(/) Nungquam Stygias fertur ad umbras 
_  Jnelyta virtus. Senec. Her. Oet. Act 5. Car. 1982. 


# True virtue mult eſcape the Stygian ſhades.” 


* 
rr 1 „ 
* 1 . # ” a 0 4 
- * „ . 5 * - = 
* - - 


7 O 0 * Iv. 2 
| Of Animal in enen 


er 110 $3104 1 
S o a o 


- 'T'T, * 
. ” — 


ä e 2/2 SAT 
IK the lat Book, having 17 TOE: the earth itſelf 
in particular, I fall ne next take a view of the in- 


habitants thereof; or the ſeveral kinds of crea- 


tures (a), that have their n kae or 
ſubſiſtence thereon. 


(a) Principio celum, ac lerrar, campoſque — * 7 
Lucentemque globum Lune, Titaniaque ra _ 
Spiritus intiz alit, totamgue infuſa per artus'' 2 
ms agitat molem, F toner SO 11 01 
Inde hominum, pecudumque genus, viteque volantums  - 
Et que marmoreo fert monſtra ſub equore pontuz, . 
Tgneus oft ollis vigor, & caleſtis origo 7 
Seminibus. Via. Eneid. J. 6, carm. 724. 
44 Know firſt that heaven and earth's compaRted frame, 
And flowing waters, and the ſtarry flame, 
And both the radiant lights, one common ſoul 
Inſpires and feeds, and animates the whole. 
This active mind infus'd through all the ſpace, 
Unites, and mingles with the mighty maſs, 
Hence men and beaſts the breath of life obtain, 
And birds of air, and monſters of the main, 
'Th' etherial vigour is in all the ſame, 
And ev'ry ſoul is ſill'd with equal flame.” 
Dzvvew's Virgil. 
K 3 Theſe . 
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Theſe creatures are either ſenſitive, or inſenſitive 
creatures. 

In ſpeaking of thoſe endowed with ſenſe, I ſhall 
conſider: 71 1 O0 GO © 

I. Some things common to them all. 

II. Things peculiar to their tribes. 

I. The things in common, which 1 intend to 
take notice of, are theſe ten: 

1. The five /en/es, and their c organs. 
2, The great inſtrument of vitality, reſpiration. 

3. Tue motion, or loco. motive faculty of ante 
FO ke 7917.6 216! Du Ham + , 
ane The pes, in whick! "they live and 0 
F. The balance of theit numders. 


1 


8 Their food. I "_ 

7. Their cloathing. Wh 
8. Their houſes, ne/ts,. or . 4 
9. Their methods — 4.2599 W 

10. Their generation and conſervation. of their 


N AW 


ſpecies by t that means. 
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CHAP. I. 
Of the five. e in general, 


THE rſt thing to be conſidered, in common to 

all the ſenſitive creatures, is, their faculty of 
ſeeing, hearing, ſmelling, taſting, and feeling; and 
the organs ming to theſe five ſenſes, together 
with the exact accommodation of thoſe ſenſes, and 
their organs, to the ſtate. and make of every tribe 
of animals (a). The conſideration of which par- 
ticulars alone, were there no other demonſtrations 
of God, is abundantly ſufficient to evince the in- 
finite wiſdom, power, and goodneſs of the great 
Creator. For who can but ſtand amazed at the 
glories of theſe works | at the admirable artifice 
of them! and at their noble uſe and perform- 
ances! For ſuppoſe an animal, as ſuch, had 
breath and life, and could move itſelf hither and | 
1 e ts nth FR wr Os re- 
liquis ſuperatur a multis, Agquile clariùs cernunt : vultures ſaga- 
cid odorantur, liquidius audiunt talpæ brute terrd, tam denſo atque 
ſurdo nature elemento.—** The moſt exquiſite of the- ſenſes in 
man axe the touch and taſte; in the other ſenſes he is ſurpaſſed 
by many animals. The eagles have à clearer ſight; the vul- 
tures are more ſagacious in the ſenſe of ſmelling : the moles 
buried in the earth, the denſeſt and moſt impenetrable of ele- 
ments, ſurpaſs us in 2 oh eb Nat. Hip. 
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_ thither ; yet how could it know whither to go, 


what it was about, where to find its food, how to 
avoid thouſands of dangers (6), without ſight! 
How could man, particularly, view the glories of 
the heavens, ſurvey the beauties of the fields, and 
enjoy the pleaſure of beholding the noble variety 
of amuſing objects, that do, above us in the 
heavens, and here in this lower world, preſent 
theniſelves to our view every where; how enjoy 


this, I ſay, without that admirable fenſe of fie ht (e)! 


ow could alſo the animal, without Yell and taſte, 

ſtinguih its food, and diſcern between whole. 
fome and ubwholeſone ; befides the pleaſures of 
delightful” odours, and reBſhing guſto's! How, 
without that other ſenſe of A could it dif. 
cern many dangers that are at a diſtance, under. 
ſtand the mind of others, petceive the harmonious 
ſounds of muſic, and be delighted with the melo. 
dies of the winged chair, and all the reſt of the 
harmonies the Creator hath provided for the de- 
light and pleaſure of bis creatures And faſtly, 


(b) Subjacent oculi, fers corporis pretiofiſſima, & gui lucir uſu 
vitam diftinguant d morie.——* Under the forchead lie the eyes, 
4 moſt precious of our organs, and which by their perception 

of the light, indicate the diſtinQion between life * nde 
Phn. Wat. His. I. 11. c. 37. 

(e) Femin alique Megarenſes folis oculic | e 
inter ava que ex gallind nigrd, & que ex albd natafunt,—* That 
ſome of the Megarean women could diſtinguifh, ſolely by the 
eye, between the eggs of a black hen and thoſe of a white,” — 
is what is affirmed (how truly I know not) by Grimald, d. 


Lumin, & cc. Pr. 4g. {. oo. 


how 
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how could man, or any other creature, diſtinguiſh 
pleaſure from pain, health from ſickneſs, and con- 
ſequently be able to keep their body ſound and 
entire, without the ſenſe of feeling ! Here, there- 
fore, we have a glorious ceconomy in every animal, 
that commandeth adniiration, and deſeryeth our 
contemplation ; as will better appear by coming ta 
„ and diſtinctly conſidering the proviſion 
which the Creator hath made for each of theſe 
ſenſes, 3 
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Fon bur Ad proceeding in the cotiiderition | 
of this noble part (a), 18d reep en; ies 


Son, I ſhall — 


(a) h dfefionibus anatomicie wis aliquid adnirabiliur, aut 
ertificioſius ſirudturd oculi humani, meo quidem judicio, occurrit : 
wt merits, per excellentiam, Creatoris appelletur miraculum.—“ In 
anatomical diſſections, there is ſcarcely any thing which, in my 
opinion, is more admirable or more conſummately artificial than 
the ſtructure of the eye, ſo that it is deſervedly termed by way 
of excellence the Miracle of the Creator's power.” —Gut. 
Fabr. Hildan. Cent. 2. Obſerv. 1. | | 

80 likewiſe, that accurate ſurveyor of the eye, Dr. Briggs, 
whoſe Ophthalmography J have met with ſince my penning this 
part of my ſurvey. His character of this curious piece of 
God's work is, Inter precipuas corporis animati partes, que mag- 
ns Conditoris noftri ſapientiam oftendunt, nulla ſan# reperitur, que 
majori pompd elucet quam ipſe oculus, aut que elegantiori formd 
concinnatur. Deum enim alis partes vel minori ſatellitio flipantur, 
wel in tantam venuſtatem haud aſſurgunt : ocelli peculiarem honorem 
deus 2 2 ſupremo Numine efflatum referunt, & nunquam non ftu- 
pendæ ſue potenliæ characteret repraſentant. Nulla ſan? pars tam divi- 
no artificio & ordine, &c.—* Among thoſe parts of the animated 
body, which chiefly prove the wiſdom of our great Creator, 
there is none more eminent or illuſtrious than the eye; none 
more elegantly or curioufly framed. Other parts which ſcarce- 
ly ariſe to ſuch beauty, may be ſaid to form the inferior train 
of the divine pomp and majeſty : but the eyes, in a peculiar 
manner, ſpeak forth the dignity and honour of the Supreme 
Being, and repreſent in lively characters his ſtupendous power. 
No part is framed with ſuch divine ſkill and 1 pag 


Cap. 1. ed. 1. 
1. The 
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1. The orm of the eye. | ö 
ee - geeſe raw h 
3. Its motions. 102132 40 
4. Its Are. en | 

1 BI. Kn 
6. Its parts. 

7. The guard and ſecurity Nature hath provided 
for this ſo uſeful a part. 

As this eminent part hath not been — 

by authors, that have made it their particular de- 

ſign and buſineſs to ſpeak of the works of Gop; 
ſo divers of the aforeſaid particulars have been 
touched upon by them. And therefore I ſhall take 
in as little as poſſible of what they have ſaid, and 

as near as I can, mengion A what they have 
omitted. And, 

1. For the form of the eye; which is foo the 
moſt. part globo us, or ſomewhat of the ſpheroidal 
form, which is far the moſt commodious. optical 
form, as being fitteſt to contain the humours with, 
In, and to receive the images of objects from with- 


out * 2 it a cube, or of any WT 


| 07 Fi , den lee File Wee es ſohert- 
city of the eye: Nam | e plane figure, ſpecies rei mqjoris 


videt 

gf, quid non poteft of plane figure, nec alicujus of here, 

gs no aned whed refer uf ren 

que 2 magno corpore veniunt, Q tendunt in centrum ſphere > 4 

fic magnum corpus poteft ab oculo parvo videri.—4 For if it were 

of a pa CT 
| eye 
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form, ſome of its parts would lie too far off (c), 
and ſome too nigh thoſe lenticular humours, which 
by their refractions cauſe viſion. But by means 
of the form before-mentioned, the humours of the 

. eye are commodiouſly laid together, to perform 


eye. itſelf could not fall perpendicularly upon it. Since, then, the 
eye can behold great objects, as for inſtance, almoſt a fourth 
part of the heavens at one view, it is manifeſt that for this pur- 
poſe it could not have been of a plain figure, or of any other 
than a ſpherical : for an infinite number of dicular lin 
may fall upon a ſmall ſphere coming from' al the great chiefs 
around, and tending to the center of the ſphere, And thus a 
very great body can be ſeen by the ſmalleſt eye. For the de- 
monſtration of which he hath given us a figure.-Rog. Bacon. 
Per, 5 Diſtin&. 4. c. 4. f 
1 r. Briggs ſaith, Part antica, (ſis cornea, ) convexior 92 
4H Pofticd : Bde enim ratione radii meliũs in pupillam detorquentur, & 
þ | cd culi fundus ex alterd parte in majorem (prapter imagines rerum 
ibidem; delineandas ) enpanditur.— The, foxe-part or cornea is 
more convex than the hinder-part : by this means the rays are 
the better converged upon the pupil: and on the other hand 
the back-part of the eye is the more expanded, that it nay 
| eviltain! a greater number of images.” —Ibid. ſ a. 2: tr 
(e) Suppoſe, the eye had the retina, 55 back part, flat far 
the reception of the images, as in plate ABA: it is 
manifeſt, that if the yo Siege the image 11 were at 4 due 
ſocal diſtance, the middle B would be too nigh the cryſtalline, 
and conſequently appear confuſed and dim ; but all parts of 
F | the retinalying-at a due focal diſtance fam. the, cry ag 
oo at ACA, therefore the image painted thereon is ſeen di 
.F : and clear. Thus in a dark room, with à lens at a hole i 
i the window, (which Hurmius calls his artificial eye, in his 
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Exercits Acad. one of which he had made for his pupils, to 
run any where on wheels): In this room, I ſay, if the paper 
that receives the images be too nigh, or too far off the lens, 
the image will be confuſed and dim; but in the focus of the 
Faſny diſtinct, Cleary and a pleaſart ſight, | 

5 their 


en. n. or THE EYE 141 


their office of refraction; and the retina, and every 
other part of that little darkened cell, is neatly 
adapted regularly to receive the images from with- 
out, and to convey them accordingly to the com- 
mon ſenſory in the brain. 

To this we may add the aptitude of this 8 
to the motion of the eye, for it is neceſſary for 
the eye to move this way, and that way, in order 
to adjuſt itſelf to the objects it would view: ſo by 
this figure it is well prepared for ſuch motions, ſo 
that it can with great facility and 3 direct 
itſelf as occaſion requires. 

And as the figure, ſo no leſs commodious is, | 

2. The fituation of the eye, namely, in the 
head (d), the moſt erect, eminent part of the 
body, near the moſt ſenſible, vital part, the brain. 
By its eminence in the body, it is prepared to take 
in the more (e) objects: And by its ſituation in 
the head, beſides its proximity to the brain, it is 
in the moſt convenient place for defence and ſe- 
curity. In the hands, it might indeed (in man) be 


(4) Blemmyis traduntur capita abeſſe, ore & oculis peftori a. 
ais. It is ſaid, that the Blemmyans have no heads; and 
that their mouths and eyes are placed in their breaſts.” — 
Plin. Nat. Hiſt. I. 3. c.8.——Occidentem. verszs quoſdam fine cer- 
vice oculos in humeris habenies.—** To the Weſt there are cer- 
tain races of people who have no necks, and have their 
eyes in their ſhoulders.” Ahd. I. 7. c. 2. From theſe, and 
ether ſuch like fables, in this laſt cited chapter of Pliny, no 
doubt our famous romancer Sir J. Mendevile had his romantic 
ſtories related in his travels. 

(e) See book v. chap... ii. note (e)- 
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142 OP THE EYE, B. tv: 
rendered niore eminent than the head, and be 
turned about here and there at pleaſure : but then 
it would be expoſed to many injuries in that active 
part, and the hands (/) rendered a leſs active and 
uſeful part. And the like may be ſaid to its ſite; 
in any other part of the body but where it is. 


But in the head, both of man and other ani- 


mals, it is placed in a part that ſeems to be con- 
trived and made chiefly for the action of the prin- 
cipal ſenſes. | 

Another thing obſerrable in the fite of 'the 
eye, is the manner of its ſituation in the head, in 
the fore-part, or ſide-part thereof, according to the 
particular occaſions of particular animals; In man, 
and ſome other creatures, it is placed to look di- 
realy forward chiefly; but withal it is ſo ordered, 
as to take in near the hemiſphere before it. In 
birds, and ſome other creatures, the eyes are ſo 
ſeated, as to take in near a whole ſphere, that they 
may the better ſeek their food, and eſcape dangers. 
And in ſome creatures they are ſeated, ſo as to ſee 
beſt behind them (8), or on each tide, vey 


(Y Galen deſerves to be here hs who in his book 


De Uſu Partium, from many conſiderations of the hand, ſuch 


as what is here mentioned, as alſo its ſtructure, fite, and uſe, 
largely proves and reflects upon the wiſdom and providence of 
the Contriver and Maker of that part. 

(g) Thus in Bares and conies, their eyes are very protube- 


rant, und placed ſo much towadds' the ds ef their head, that 


their two eyes take in nearly a whole ſphere : whereas in dogs, 
(that purſue them,) the eyes are ſet more forward in the hand, 
to b that way more than backward. | 


797 they 
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they are enabled to ſee their enemy that n 
them that way, and ſo make their eſcape. 

And for the aſſiſtance of the eyes, and ſome of, 
the other ſenſes in their actions; the head is gene- 
rally made to turn here and there, and move as oe- 
caſion requires. Which leads me to the, 2 

3. Thing to be remarked upon, the motions of the 
eye itſelf. And this is generally upwards, downs: 
wards, backwards, forwards, and every way (b), 
for the better, more eaſy, and 4 2 of 
the viſual rays. 

But where Nature any way ed from this 
method, either by denying motion to the eyes, or 
the head (i), it is a very wonderful proviſion ſhe 


(5) Sed lubricos oculos fecit [Natura] & mobiles, ut & decli- 
narent fiquid noceret ; & aſpedum, quo vellent, facile converterent. 
Nature has made the eyes ſlippery and cafily moved, that 
they may quickly turn aſide from any thing that could hurt 
them, and turn with facility to any obje& of 93 de 
Nat. Deor. I. 2. c. 57. | 

(i) The eyes of ſpiders, (in ſome four, in ſome ſix, and in 
ſome eight, ) are placed all in the fore-front of their head, (which 
ir round, and without any neck,) all diaphanous and tranſparent, 
like a loclet of diamonds, &c. Neither wonder wwhy Providenss 
ſhould be ſo anomalous in this animal, more than in any other awe 


hnow of. For, 1. Since they wanting a neck, cannot move their 
head, it is requiſite that defe#t ſhould be ſupplied by the multiplicity 
of eyes. 2. Since they were to live by catching ſo nimble a prey 
as a fly is, they ought to ſee her every way, and to take her per 
ſaltum, (as they do,) without any motion of the bead to diſcover  - 
her : which motion would have ſcared away fo timorous an inſef. 


The 


Wee Microſ. Obſerv. p. 11. 
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hath made in the caſe. Thus for a remedy of 


this inconvenience, in ſome creatures their eyes 


are ſet out at a diſtance (+) from the head, to be 
circumvolved here and there; or, one this, the 


other that way, at pleaſure. And in creatures, 


whoſe eyes are without motion, as in divers in- 
ſects; in this caſe, either they have more than two 
eyes, or their eyes are nearly two protuberant he- 
miſpheres, and each hemiſphere often conſiſting of 
a prodigious number of other little ſegments of a 
dera G. By which means thoſe creatures are 0 


The eyes of the cameleon reſemble a. lens, or comvex-glaſe, ſet in 


oF verſatile &lobular ſocket, which ſhe turneth backzoard, or any 


way, without moving her head ; and ordinarily the one a contrary, 
or quite different way jou the other. Dr. Goddard in Phil. Tranſ. 
No. 137. 

yi LOR more extraordinary in this motion \ of the cameleon's 
eye] is to ſee one of the eyes move, whilſt the other remains immone- 
able ; and the one to turn forward, at the ſame time that the other 
looketh behind ; the one to look up to the Ay, auben the other is fixed 
on the ground. And theſe motions to be ſo extreme, that they dv 
carry the pupilla under the creſt which makes the eye-brow, and 
fo far into the canthi, or corners of the eyes, that the fight can diſ- 
cern whatever is done juft behind it, and directly before, without 
turning the head, which is faſtened to the ſhoulders. Mem. for a 
Nat. Hiſt, in Anatom, Diſſect. at Fariſ. Diſſ. of Camel. 

22. 

(#) Snails ſend out their eyes at a diſtance, they being con- 
tained in their four horns, ke atramentous ſpotr, fitted to the end 
of their horn, or rather to the ends of thoſe black filaments or op- 
tic nerver, which are ſheathed in their horns, az Dr. Power- 
wordeth it. Obſ. 31. p. 36. F 
ercit. Anat. Cochl. & Lins. 

(0) Vide J. 8. c. 3. note (a). 3 


\ 
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far from being denied any benefit of that noble 
and moſt neceſſary ſenſe of ſight, that they have 
probably more of it than other creatures, anſwer- 
able to the rapidity of their flight, and briſk. mo- 
tion; and to their inqueſts after food, habitation, 


or 10 00 tories of generation, or ſuch other neceſ- 
ſity of the animal. 


4. Another admirable proviſion in the eye, | 
its ſize ; in ſome animals large, in ſome little. It 
would be endleſs here to enumerate particulars ; 5 
as thoſe of quadrupeds, birds, inſects, and otlier 
terreſtrial animals. And as for fiſhes, they will 
fall under another part of my ſurvey. Fe Sing 
I ſhall therefore only take notice of its Les in 
one creature, the mole (n). As the habitation of 

(m) Severinus is of Ariſtotle's, Pliny's, and Alb. Magnus  opi- 
nion, that the mole hath. no ſight ; G. Seger denies any humour 
to be therein, but thinks they may probably ſee, becauſe Na- 
ture made nothing in vain. But Borrichius ſaith, their eyes 
have appendiculam nervean' in cerebrum euntem, cujus beneficio glo- 
buli ill {the little eyes] llem facile roger exſeri, retra- 
hique pro artitrio.—1n illis brim sat aqueus copios? 
ſatis natabat ; ceterorum non nifi tenue gary: — F e 
age of nerves going into the brain, by means of which thoſe 
little eye · balls can at pleaſure be thruſt out beyand the kin, or 
drawn within it.—In thoſe little globules of the eyes, there 
was a copious aqueous humour, but very little appearance of 
the other humours.” —Blaf. Anat. Anim. o. 35. 

Et quoniam Ngturg hoc vite genus 2 deflinavit, 22 
exiguos oculor—dedit eo concilio, ut it, prerigſſfma corpiric a 
terre pulvere ne affligerentur. Ii inſuper pilis tefli, r. * 
illi oculis inſunt, & tunica nigra, wvea, ſe prodit. Ad hos tra- 
mite alio ner vus venit . And fince Nature has deſtined the 
animal to that kind of life, * 

vol. 1, 
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accurate an anatomiſt was he for his time. 


s ov wir ure: 1. 


that uncouth animal is wholly ſubterraneous, its 


lodging, its food, its exerciſes, nay, even all its 
paſtimes and pleaſures are in thoſe ſubterraneous 


_ receſſes and paſſages, which its own induſtry hath 


made for itſelf; ſo it is an admirable proviſion 
made in the fie of the eye of that little creature, 
to anſwer all its occaſions, and' at the ſame time 


to prevent inconveniences. For as a lt light 


will ſuffice an animal living always under ground; 

ſo the ſmalleſt eye will abundantly ſupply that oc- 
caſion. And as a large protuberant eye, like that 
of other animals, would much annoy this creature 
in its principal buſineſs, of digging for its cp 


this moſt precious part of its body might not be en 


by the duſt or earth, They are, moreover, covered wit 1 
&c. There are humours in thoſe eyes, and the duſky tunicle 
or uvea preſents itſelf. To theſe a ART: reaches by another 


courſe. "Schneider in Blaſ. Ibid. 


Some time ſince I made div ivers accurate UſſeAions of the 


2 of moles, with the help, of microſcopes, having, a a doubt | 
Ahether what we take to he eyes, were ſuch. or no. And 
upon, à ſtrict ſcrutiny I plainly could diſting = the- witreous 


and cryſtalline humours, yea, the en, ci 75 and the 


atramentaceous mucus., The pupil 1 could manife diſcern 


to be round, and the cornea copped, or conical.” 'Þ he eye is at 
a great diſtance from the brain, the optic nerve, very ſlender 


and long, reaching from the eye through the intermediate eſl, 


and ſo paſſeth to, the brain, along with the pair of perve es reach- 


ing to the noſe, which are much the largeſt that are. in, all the 
animal. Theſe creatures, Ii imagine, have the faculty of with- 


drawing their eyes, if not quite into the head, (as faul,) yet 


more or leſs within the hair, as they have more or lefs occaſi oh 


to uſe ar; d their eyes. \ 


Galen faith, moles have eyes, the cryſlalline and vitreous hu- 
mours, encompaſſed with tunice, De U/. Part. l. 14. e. 6. _ Bo 
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and paſſage ; ſo it is endowed with a very ſmall one, 
commodiouſly ſeated in the head, and well fenced 
and guarded againſt the annoyances of the earth. 

5. Another thing remarkable in this noble part 
of animals, is, its numbers ; no leſs than two (n) 
in any inſtance, that I know of; and in ſome ani» 
mals more, as I have already hinted (o). Gl 

Now this is an admirable proviſion; firſt, Gr 
the convenience of taking in the larger angle, or 
ſpace: and in the next place, the animal is by 
this proviſion, in ſome meaſure, prepared for the 
misfortune of the loſs of one of theſe noble, and 
neceſſary organs of its body. 

But then beſides all this, there is another thing 
conſiderable in this multiplicate number of the 
eye; and that is, that the object ſeen is not multi- 
plied as well as the organ, and appears but one, 
though ſeen with two or more eyes (p). A mani- 


(n) Pliny tells us of a ſort of heron with but one eye, but 
it was only by hear-ſay. , Inter aver ar 
Leucos vocant, altero oculo carere tradunt.— Among "the birds of of 
the heron ſpecies, there are ſome called Leucot, which are ſaid 
to have but one eye. —Nat. Hift. I. 11. e. 37+ So the king 
of the Nigre, that hath but one eye, and that in his forehead, 
J 6: c. 30. Which fables I take notice of more for the read- 
er's diverſion, than any truth in them. Up 

(0) Supra, note (i). | | 

(p) The moſt celebrated anatomiſts differ greatly * the 
reaſon, why we ſee not double with two eyes. This Galen, 
and others after him, generally thought to be from a coalition 
or decuſſation of the optic nerves, behind the os /þhenoider. But 
whether they decuſſate, coaleſce, or only touch one another, 
they do not well agree. The Bartholines expreſsly aſſert, they 


are united, Non peryſemplicem contattum vel interſectionem in ho- 
L 2 mine, 
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feſt fign of the infinite fkill of the Contriver of 
this ſo noble a part, and of the exquiſite art He 
| employed 


mine, ſed totalem ſubfantie confuſionem.—* Not by fimple contact 
or interſection in man, but by a total confuſion of ſubſtance.” — 
Anat. I. 3. c. 2. And whereas Veſalius, and ſome others, had found 
ſome inſtances of their being diſunited ; they ſay, Sed in ple- 
riſque ordinarie confunditur interior ſubftantia, ut accuratd diſqui- 
fttione deprehendi.—** But in moſt inftances the interior ſub- 
ſtance ene as I have diſcovered on an accurate 
examination.” 
But our tearned Dr. Gibſon ( Anat. L 3. c. 10.) ſaith, they 
are unitad by the cloſeſt conjunction, but nat confuſion of their fibres. 
But others think the reaſon is not from any coaleſcence, 
contact, or crofling of the optic nerves, but from a ſympathy 
between them. Thus Monfieur Cartes is of opinion, that the 
fibrille, conſtituting the medullary part of thoſe nerves, being 
ſpread i in the retina of each eye, have each of them correſpond- 
ing parts in the brain; ſo that when any of thoſe frills are 
truck by any part of an image, the correſponding parts of 
the brain are "therdby affected, and the ſoul thereby informed, 
Ve. But ſee more hereafter under note (00), from Cartes himſelf. 
Somewhat like this is the notion of our judicious Dr. 
Briggs, who thinks the optic nerves of each eye conſiſt of ho- 
molagous fibres, having their riſe in the thalamus nervorum optico- 
rum, and thence continued to both the retine, which are made 
of them: and farther, that thoſe #3ril/s have the ſame parallel- 
4ſm, tenſion, De. in both eyes; and conſequently when an 
image is painted on the ſame correſponding, ſympathizing 
parts of each retina, the ſame effects are produced, the ſame 
notice or information is carried to the thalamus, and fo im- 
parted to the ſoul, or judging faculty. That there is fuch an 
o,, or ſympathy, between the retine, &c. he makes 
very probable, from the enſuing of double viſion upon the in- 
-terruption of the paralleliſm of the eyes; as when one eye is 
depreſſed with the finger, or their ſymphony interrupted by 
. diſeaſe, drunkenneſs, Oc. And laſtly, that ſimple viſion is 
not made in the former way, viz. by a decuſſation or conjunc- 
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employed in the formation thereof. But the de- 
ſign and kill of the infinite Workman will beſk 
be ſet forth by, 

6. Surveying the parts and mechanifts of this ads 
mirable organ the eye, And here indeed we cans 
not but ſtand amazed, when we view. its admira · 


ble fabric, and conſider the prodigious exa&neſs, 
and the exquiſite ſkill employed in every part mi 


niſtering to this noble and neceflary ſenſe. To. pals 
by its arteries and veins, and ſuch other parts 
common to the reſt of the body, let us caſt our 


tion of the optic nerves, he proves, becauſe thoſe nerves are 
but in few ſubjects decuſſated, and in none conjoined other- 
wiſe than by a bare contact, which is particularly manifeſt in 
fiſhes ; and in ſome inſtances it hath been found, that they have 
been ſeparated without any double viſion enſuing thereupon. 
| Vide Brig. Opthalmogr. c. II. and 5. and Nov. F if, T hear. paſſin. 

What the opinion of our juſtly eminent Sir Iſaac Newton is, 
pas tee yu e gooey of objets 
ſeen with both eyes, the optic nerves meet beſare 
they come into the brain, t e right fde of both nerves 

uniting there, &c.? For t nerves of ſuch animals as look 
the ſame way with both eyes, Ke Feats dogs, ſheep, oxen, e.) 
meet before they come into the brain ; but the optic nerves of ſuch 
. animals as do not look the ſame way with both eyes, (as of fiſbes, 

and of the cameleon,)) do not meet, if 1 am rightly * Newt. 
Opt. Q. 15. * | 


* The ſame ſubje & has been examined with much acuteneſs 
by Dr. Porterfield in his Treatiſe on be Eye by Dr. Reid in his 
Enquiry into the Human Mind; and by Dr. Wells in his Zſay on 

Angle Viſn; each of whom has ſuggeſted a different hypotheſis 
to account for this extraordinary phenomenon, An abſtract of 
the theories of all thoſe writers may be found in Zncyclopedia 
Britannica, under the article Optics, vol. xiii. p. 299, Enron, 
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eye on its muſcles, Theſe we ſhall find exactly and 
neatly placed for every motion of the eye. Let us 
view its tunics, and theſe we ſhall find ſo admira- 
bly ſeated, ſo well adapted, and of ſo firm a tex- 
ture, as to fit every place, to anſwer every occa- 
ſion, and to be proof againſt all common inconve- - 
niences and annoyances. Let us examine its three 
humours, and theſe we ſhall find all of exquiſite 
clearneſs and "tranſparency, for an eaſy admiſſion 
of the rays; well placed for the refracting of 
them, and formed (particularly the cry/alline 
humour) by the niceſt laws of optics, to col- 
lect the wandering rays into a point. And to 
name no mort, let us look into its darkened cell, 
where thoſe curious humours lie, and into which 
the glories of the heavens and the earth are 
brought, and exquiſitely pictured ; and this cell 
we ſhall find, without, well prepared by means 
of its texture, aperture, and colour, to fence 
off all the uſeleſs or noxious rays; and with- 
in, as well coated with a dark tegument, that 
it may not reflect, diſſipate, or any way confuſe 
or diſturb the beneficial rays (9): | 


But 


(2) 3 ſuvea] ut radios (ab oculi fundo ad anteriorem 
eus partem reflexos ] obumbret ; ne hi (ut ait clar. Carigſius ad 
oculi fundum retorti ibidem conſuſum viſionem efficerent. Alia for- 
fan ratio hujus nigredinis ſlatuatur, quod radii in viſione ſuperflui, 
gui ab objeftis lateralibus proveniunt hoc ritu abſorbeantur. Ita 
enim s loco obſcuro interdiu objecta optim# intuemur, quia radi tunc 
ftemports circumfuſo lumine non diluuntur.—“ The uvea is black, 
in order that it may obſcure the rays which are reflected from 
the bottom of the eye to its fore-part ; leſt, as Deſcartes ob- 
FA ſerves, 


/ 
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But to deſcend to particulars, although it would 
be a great demonſtration of the glory of God, yet 
would take up too much time, and hath been in 
ſome meaſure done by others that have written of 
God's works. Paſſing over, therefore, what they 
have obſerved, I ſhall, under each principal part, 
take a tranſient notice of. ſome things they have 
omitted, or but ſlightly ſpoken of. 

And my firſt remark ſhall be concerning the 
muſcles of the eye, and their equilibration. No- 
thing can be more manifeſtly an act of contrĩvance 
and deſign, than the muſcles: of the eye, admira - 
bly adapted to move it any, and every way; up- 
wards, downwards, to this ſide or that, or how- 
ſoever we pleaſe, or there is occaſion for, ſo as to 
always keep that paralleliſm of the eye which is 
neceflary to true viſion, For the performance of 
which ſervice, the form, the poſition, and the 
due ſtrength of each muſcle is admirable, . And 
here I might inſtance the peculiar and artificial 
ſtructure of the trochlearis, (Plate D, fig. 2.) and the 
augmentation of its power by the trochlea (r); 
ſerves, theſe ſhould. be thrown back again upon the bottom, 
and thus -occaſion confuſed viſion, Perhaps another primary 
cauſe may be aſſigned for this blackneſs of the wvea, viz. that 
the ſuperfluous rays which proceed from lateral objects may 
be abſarbed. Thus we obſerve, that thoſe illuminated objeQs 
which are ſeen from a dark ſtation are moſt diſtinctly beheld, 
becauſe the rays proceeding from them are not obliterated by 
the circumambient light. Brigit Ophthal. c. 3. ſect. 5. 

(r) Admirandum Dei artificium ex diverſorum animalium com- 
On indies evadit manife/tius, Mirantur omnes trochlearem 

b 4 | in 
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the magnitude and ſtrength of the artollent muſcle, 
ſomewhat exceeding that of its antagoniſt; the pe- 

culiar muſele, called the ſeventh, or fuſpenſory 

muſcle (s), given to brutes, by reaſon of the 

| prone 


in oculis hominum & quadrupedum, & guidem jure: ſed adnira- 
tionem omnem ſuperat, quod fine trochled oculum movens in avibus 
novum genus trochlee longe artificioſtts mAitand# membrane dede- 
rit,—* We daily diſcover new proofs of the wonderful art of 
the Supreme Being, from comparing the ſtructure of different 
animals. All juſtly admire the trochlear muſcle in the eyes of 
men and quadrupeds : but what is far more wonderful, is the 
nictitating membrane which in birds ſupplies the place of the 
trochlea.”” —— Blaſ. Anat. Animal. p. 2. c. 4. tx Stetton. 

[Muſculum trochlearem] per intermedium trochleam traduflum, 
nunguam intucor, quin admirabundus mecum, 'O Or, exclamem, »y 
b ani ν Hf and Kai as) wnxararua—* T never behold 
the trochlear muſcle paſſing through the trochlea, without ex- 
claiming to myſelf in admiration, . Not only has God cons 
trived all with the moſt accurate proportions, but with the 
moſt wonderful mechaniſm,” J. C. Sturmii Exercit. Acad. g. 
de Vi. Org. & Rat. e. 3. ſet. 4. p. 446. 

(s) Obſervare g quod quadrupedes, qui oculos in 2 
ac pendulos gerunt, muſculum peculiarem habent, quo oculi globur 
ſuſpenditur.— Hoc muſculo bos, equnus, ovis, lepres, porcus, Fe, 
praditi ſunt : hoc etiam canis inſtruitur, ſed alio modo conformatum 
habet.—* It is obſervable, that quadrupeds who have their 
eyes hanging downwards, and inclining to the earth, have a 
peculiar muſcle, by which the ball of the eye is ſuſpended. 
The cow, the horſe, the ſheep, the ſwine are. poſſeſſed of thig 
muſcle : the dog has it likewiſe, though it is formed in that 
animal in a youu manner,” — Wilks de An. Br p-. 1. 
G. 1. 

Of this opinion alſo was Bartholine, Anat. I. 3. 08. and di- 
vers other eminent anatomiſts. - 
But Dr. Briggs is of opinion that the adnata, and the other 
monty eos ell hole n. 


by 
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poſture of their bodies, and frequent occa- 
ſions to hang down their heads: and I might ſpeak 
alſo of the peculiar origin and inſertion of the 
lower oblique muſels (t), which is very notable, 


by former anatomiſts, and thinks, probabilits itaque «fs hung 
muſculum nervi optici attjonem ( per vices ) confirmare, nd d prono 
brutorum inceſſu & capioſo affluxu humorum debilitetur .——=** That 
this muſcle ſtrengthens the action of the optic nerve, leſt in 
the brute animals it ſhould be weakened by their prone po- 
ſition, and by the great confluence of the humours.” OI 
c. . ſect. 2. \ 4 
The muſculus ſuſpenſorius being in the porpeſe, as well as 
brutes, Dr. Ty/on thinks the uſe of it is not to ſuſpend the 
bulk of the eye; but rather by its equal contraction of the 
felerotis, to render the ball of the eye more or leſs ſpherical 
and ſo fitter for viſion. Tyſon's Anat. of the Porpeſe, p- 39 
(e) Muſculus obliquus inferior oritur d peculiari quodam for 
raming in latere orbite ocnlaris fatto, (contra quam in ceteris, e.) 
Ju fit ut ex und parte & muſculb trochleari, ex alterd vers ab 
hujus muſculi c commodiſſimd poſitions, oculus in equilibrio quodam 
conſtitutus, irretorto obtutu verſus oljedta feratur, nec plus juſto ac» 
Fedat verſus internum externunive canthum ; que quidem libratio 
omnino nulla fuiſſet, abſque hujus muſculi peculiari originatione 
( cujus ratio omnes hucu uſque anatomicos latuit },—** Tie oblique 
inferior muſcle has its origin from a certain opening in the 
fide of the orbit of the eye, (not as the other muſcles,) ſa 
that the eye kept in a ſort of equipoiſe by the trochlear muſcle 
on one fide, and by this on the other, can point itſelf to ob- 
jects with a ſteady direction, and is not carried too much 
either towards the inward or out ward corner. (Plate D, fig. 2.) 
Without this peculiar origin of the muſcle, there would be no ſuch 
balance; which reaſon hath hitherto eſcaped all our anatomiſta.“ 
And ſo this curious anatomiſt goes on to ſhew farther the ſtu- 
pendous artifice of the great Creator in this poſition of the 


vhlique muſcles. Briggs Nova Viſ. Theor. p. 11. + 
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and many other things relating to theſe parts; 
but it would be tedious to deſcend too much to 
thoſe admirable particulars. And therefore to 
cloſe up theſe remarks, all I ſhall farther tike no- 
tice of, ſhall be only the exquiſite equilibration 
of all theſe oppoſite and antagoni/t muſcles, affected 
partly by the equality of the ſtrength ; which is 
the caſe of the adducent and abducent muſcles ; 
partly by their peculiar origin, or the addition of 
the trochlea, which is the caſe of the oblique muſ- 
cles (u); and partly by the natural poſture of the 
body, and the eye, which is the caſe of the aztollent 
and depriment muſcles, By this ſo curious and 
exact a libration,. not only unſeemly contortions 
and incommodious vagations of the eye are pre- 
vented, but alſo it is able with great readineſs and 
exactneſs to apply itſelf to every object. 

As to the 7unics eye, many things might 
be taken notice of, the prodigious fineneſs of 
the arachnoifes, the acute ſenſe of the retina, the 


(») Beſides thoſe particular motions which the eye re- 
ceives from the. oblique muſcles, and I may add its libration 
alſo in ſome meaſure, ſome anatomiſts aſcribe another no leſs 
conſiderable uſe to them; namely, to lengthen and ſhorten 
the eye (by ſqueezing and compreſſing it) to make it corre- 
_— Tpond to the diſtances of all objects, according as they are 
' nigh or far off. Thus the ingenious Dr. Keil; the aqueous 
: bumour being the thinneſt and moſt liquid, eaſily changeth its figure, 
when either the ligamentum ciliare contradts, or both the oblique 
muſcles ſqueeze the middle of the ball of the eye, to render it oblong 
when objefs are too near ut. Keil's Anat. chaps, 4. ſet. 4. Ses 


note ( 
. delicate 
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delicate tranſparency of the cornea (0), and the 
firm and ſtrong texture of that and the /elerotica” | 
too; and each of them, in theſe and every other 
reſpect, in the moſt accurate manner adapted to the 
place in which it is, and the buſineſs it is there to 
perform. But for a ſample, I ſhall only take no- 
tice of that part of the uwvea which makes the pu- 
pil. It hath been obſerved by others, particularly | 
by our honourable Founder (x), that as we are 
forced to uſe various apertures to our optic glaſſes, 
ſo Nature hath made a far more complete pro- 
viſion in the eyes of animals, to ſhut out too 
much, and to admit ſufficient light, by the dila- 
tation and contraction of the pupil (). But it 
LO deſerveth 


(w) Quit vers pie præter Naturam, oud nibil poteſt efſe call; 
dias, tantam ſolertiam perſequi potuiſſet in ſenſibus ? que primim 
\ eculos membranis tenuiſſimit veſtivit, & ſepiit ; quas primam perlu- 
cidas fecit, ut per eas cerni poſſet + firmas autem, ut continerentur. 
„ What workman beſides Nature, than whom there can be 
none more ſkilful, could ſhew ſuch admirable artifice in the 
organs of ſenſe? The eyes ſhe has covered and defended with 
the fineſt membranes, tranſparent to admit the rays, and firm 


at the ſame time, that they may be kept within the orbits,” 
Cic. de Nat. Deor. |. 2. c. 57. 


(x) Boyle of Final Cauſes. 
(y) It is eaſy to be obſerved, that the pupil openeth in 


dark places; as alſo when we look at far diſtant objects, but 


contracts by an increaſe of light, and when the objects are 
nigh. This motion of the pupil, ſome ſay, is effected by the 
$ circular and ſtrait fibres of the wvea, and ſome attribute it to 
the ligamentum ciliare. Yet I have no great doubt but that 
they both concur in that action, and that the /jgamentum ciliare 
a nn dilate or com- 


Fr 
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deſerveth our eſpecial remark, that theſe pupils 
are in divers animals of divers ſorms, according 
to their peculiar occaſions. In ſome (particularly 
in man) it is round; that being the moſt proper 
figure for the poſition of our eyes, and the uſe we 


make of them both by day and night. In ſome 


other animals it is of a longiſh form; in ſome: 
tranſverſe (z), with its aperture large, which is an 


preſs the cry/alline, and bring it niger unto, or carry it far- 
ther off the retina, For the ſtructure of the hgamentum ciliare, 
and its two forts of fibres, drawn with the help of a micro» 
ſcope, I ſhall refer to Mr, Coauper 7 Anat. T. 11 

() In bove, caprd, equo, ove, & quibuſdam aliis elliptica eft 


2 (pupilla) ut eo magit in biſce forſan animalibur, que promo inceſſu 


wiftum in agris queritant, radios laterales ad mala & incommoda 
wirinque devitanda admittat.—** In the cow, the goat, the horſe, 
the ſheep, and ſome other animals, the pupil is of an elliptic 
form, for this reaſon perhaps, that in thoſe animals which walk 
with the head declining, the eye may admit the lateral rays, 
and thus avoid auy object on either fide that might offend 
them.” —Zrigg:s's Opthal. c. 7. ſect. 2. 

Homini erecto, aliiſque, &c. caput erigere, & quaquaverſus cir- 
cunſpicere ſolitis, plurima A mul oljecta, tum ſupra, tum infra, tum 


lautere utrogue——viſu excipiuntur ; guapropter oculi pupilla rotunda 


eſſe debet.— Attamen bovi, Ec. caput fere ſemper pronum——gerenti- 
Bus, tantum que coram, & paulo & latere obſervantur, intuitu opus 


et ; quapropter pupilla—oblonga eft, Ec. — In man and other 


animals which are accuſtomed to erect the head, and to look 
every where around them, a great many objects are taken in 


by the eye, both from above, below, and from the ſides: for 


which purpoſes the pupil of the eye muſt haye been round, 
But to the cow and ther animals, which carry the head almoſt 


always in a prone poſition, it is neceſſary to ſee only the ob 


jects before them, and thoſe that are a little to a fide, and 
therefore in them the pupil is oblong,” Willis de Anim, Brut. 


7 admirable 
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admirable proviſion for ſuch creatures to fee the 
better laterally, and thereby avoid inconveniences, 
as well as help them to gather their food on the 
ground, both by day and night. In other ani- 
mals the fiſſure of the pupil is erect (aa), and alſo 
capable of opening wide, and ſhutting up cloſe. 
The latter of which ſerves to exclude the brighter 
light of the day, and the former to take in the 
more faint rays of the night, thereby enabling 
thoſe nocturnal animals (in whom generally this 
erect form of the pupil is) to catch their prey with 
. e the dark (50), to ſee n 


1 Thus cats , "(their pupils being erect, and the f 
of their eye · lids tranſverſe thereunto) can ſo cloſe their 
as to admit of, as it were, one only ſingle ray of light; and 
by throwing all open, they can take in all the ſainteſt rays. 
Which is an incomparable proviſion for theſe animals,” that 


them to catch their prey in the dark; and that is a 
of the eyes : of which Dr. Wilks thus; Hujus + 

pupillam, quaſi jubure inſito, illuminare, * 
nebris pofitas conſpicere valeut : quare in ſele plurimim' tllaftris 
at homini, avibus & piſcibus des. The uſe of this is to illu- 


mi 


dark place, Wherefore in the cat, it is very much fluminated: 

but there is no ſuch thing in man, in birds, or in fiſhes. — 
This illumination he ſpeaks of, is from the tapetum, in the bot- 

tom of the eye, or the ſhining of the -reting, round the optic 
nerve. | 5 

| | Beſides 


o- 
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and downwards, to climb, Sc. Thus much for 
the tumics. 

The next thing I ſhall ae notice of, will re- 
0 to the humours of the eye, and that only 


4.6 Beides which, he ſaith, the iris hath a faculty alſo, in 
ſome, of darting out rays of light, ſo as to enable them to 
ſee in the dark: of which he tells this tory ; Novi quendam 
cerebro calidiori preditum, qui poſt uberiorem vini generofi potum 
in node atratd, five tenebris profundis, literas diſtindt legere potuit. 
Cujus ratio videtur efſe, quod ſpiritus animales velut accemſi, adeoque 
ab hide iride irradiantes, jubare inſito, medium illuminabant.—“ I 
Knew a perſon of a warm temperament of brain, who after 
drinking heartily of wine, could diſtin&ly read letters in the 
_ darkeſt night. The reaſon of which probably was, that the 
animal ſpirits being kindled, and ſparkling from the iris of 
the eye, illuminated the medium, as it were, by an internal 
| beam of light.” — Willis, ibid. 
Such another thing, Pliny tells us, was reported of Tiberius 
Caſar ; ferunt Tib. Caf. nec alii genitorum mortalium, fuiſſe na- 
turum, ut expergefains noctu pauliſper, haud alio modo quam luce 
ielard, contueretur omnia. It is reported of Tiberius Cæſar, 
that he had the organs of ſight formed ſo differently from thoſe 
of other men, that when ſuddenly awakened in the night, he 
could perceive objects as diſtinctly as if they were ry illu- 
minated. Mar. Hit. I. 11. c. 37. * 

80 Dr. Brigg: Virum ſane calide indolis — in combtats 
. Bedfordienſ degentem, qui oculis. ſelineis—donatus eft : aded ut 
- epiſkalam— mire admodum in loco obſcuro C ubi eadem mibi vix appa- 
. rut ) perlegit. Hujus vero oculi (nifi quod pupillas inſigniores ob- 
| tinuere) ab aliorum formatione neutiquam diſcr I knew 
a man in Bedfordſhire of a warm temperament, who was poſ- 


ſeſſed of cat's eyes, ſo that in a dark place he could read a 


letter diſtinctly, which to me was ſcarcely viſible. His eyes, 
however, had no apparent difference from thoſe of others, 


. * that the pupils were more prominent.” —Opbthal. c. 5. 
12, 


concerning 
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concerning the mechaniſm of the cryſtallins hu- 


mour (ſee Plate D, fig. 1.) ; not its incomparable 
tranſparency; nor its exact lenticular * 


nor its curious araneous membrane (ec), that 
con- 


(er) The mates aranca is _ notice of by Friar * who 
calls it, ala aranea, and ſaith, in bde continetur—glaciale vel 
eryſtallinum.— In this is contained the glaſſy or cryſtalline 
lens.” — Rog. 'Bacon's Perſpeft. Di flint. 2. C. 3. The wrinkling 
of this, and the cornea (as the {kin'is of old perſons) he thinks 
is the cauſe of the obſcurity of the fight in ſuch perſons, Bacon, 
ib. par. 2. c. 2. But this funic ſome. deny, and others allow 
of. Dr. A. M. of \Trinity-Colleges Dublin, (in his Relat, of 
Anat. Ob. in the eyes of animals, in a letter to Mr. Boyle, ann. 
1682, annexed. to his Anat. Actount f the Elephant burnt in 
Dublin, p. 57.) aſſirms the tunica” aranea, and. faith, I have 
often ſeen it before it vas expoſed to the air one minute, notwiths 
Handing what Dr. Briggs ſaith 16 the contrary, &c. But Dr. 
Brigge his opinion is, Humor cryſlallinus, niſi arri diurids expo- 
2 vel leniter codtus ¶ igſlar lait] cuticulam non arquirit : que 


wers improprie, tunica aranea dicitur, cim fit tautian adventitia, | 


"ut in oculo bovis recens © exetto appareat —+* The cryſtalline hu- 
mour does not acquire a film unleſs it is long expoſed to the 
ur, or, like milk, is gently boiled. This film is, unproperly 
called tunica aranea, fince it is only an adventitious ſubſtance, as 
appears in a bull's eye recently cut out. — Briggs's Qpbthal. c. 3. 
The cryſſallins humour being of a double ſubſtance, 'outwatdly 
like a jelly, towards the centre as conſiſtent as hard ſuet, upon 
occafion 'Whereof its figure may be varied; which variation 
may be made by the lgamentum ciliare; Dr. Grew doth," upon 
theſe accounts, not doubt to aſeribe to the ligamentum: ciliare, 
A power of making the eryflalline more convex, as well ag of 
moving it to or from the retina. ' See Grew's Coſmolog." Saer 

I. 1. c. 4. Now it is certain by the laws of opties, that 
(ſomewhat of this is abſolutely neceſſary to diſtinct viſion, inaſ- 
much as the rays proceeding from near objects do more di- 


It: | verge, 
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conſtringeth and dilateth it, and fo varieth its 
ee eee eee Ore I RR 


verge, py thoſe from diſtant objects leſs: which 3 
either that the cryſlalline humour ſhould be made more convex, 
or more flat ; or elſe an elongation, or ſhortening of the eye, 
or of the diſtance between the cry/talline humour and the retina. 
But although Dr. Brigg. (ſo good a judge) denies the tu- 
nica cryſtallina, contrary to the opinion of moſt former anato- 
miſts ; yet there is great reaſon to conclude he was in a miſ- 
take, in my opinion, from the obſervations of the French ana 
tomiſte, of the cryſtalline of the eye of the gemp or chamoir, 


Who fay, the membrana arachnoides was very thick and hard, 


75 that it 'wwas eafily ſeparated from the eryſtallinur. p. 145. 

The fame anatomiſts alſo favour the ſurmiſe of Dr. Gree. 
This {contraQion of the fibres of the ligamentum ciliare on one 
fide, and dilatation on the other] wells able ms think that theſe 
fibres of the ligumentum ciliare are capable of contruction anid 
voluntary dilatation, like that of the fibres of the muſcles ; and that this 
uction may augment or diminiſh the convexity of the eryſtallinus, 
atcording as the need which the diflance of the 'objefts may make it 
to have on the eye, to ſee more clearly N . DP 
of a Brur, p. 49. 

Since my penning the foregoing notes, knving, as aki 
as could, diſſected many eyes of birds, beaſte, -and fiſhes, 
T mamifeſtly found the membrana arachnoider, and will under- 
take to ſhew it any one, with great eaſe and certainty, It is 
indeed fo tranſparent, as not to be ſeen diſtinct from the cry/- 
talllinr. But if the cornea and uvea be taken off before, or 
the witreous humour behind it, and the outſide of the cryſtalline 
ieryflallize will eaſily leap out, and part from the ligamentum 
ailiars ; which otherwiſe it would not do: for it is by the 
arachnvides braced to the ligamentum ciliare. This membrane 
or tunic, in the ox, is ſo ſubſtantial and ſtrong, though thin, 
that it yields to, or finks under the ſharpeſt lancet, and requires 


Dee a ſtrong 


„ 


1 


firm 
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en, 11. 
firm with great probability,) nor laſtly, its admir- 


rable approach to or from the retina, by the help 


of the ciliar ligament (dd), according as objects are 
| far 


(4) As birds and fiſhes are in divers things conformable, ſo 
in ſome ſort they are in their eye; to enable it to correſpond to 
all the convergences and divergences of the rays, which the va- 
riations of each of the mediums may produce. For this ſervice 
the tunica choroeides (in fiſhes) hath a muſculous ſubſtance at the 
bottom of it, lying round the optic nerve, at a ſmall diſtance 
from it; by which means I imagine they are able to contract 
and dlate the choroeides, and thereby to lengthen and ſhorten 
the eye: for the helping in which ſervice, I imagine it is that 
the choroeides and ſclerotica are in a great meaſure parted, that 
the choroeides may have the greater liberty of acting upon the 
humours within. 

But in birds I have myſelf found, that althoughthe choroeides 
be parted from the ſclerotica, yet the choroeides hath no muſcle, 
but inſtead thereof a curious pectinated work, ſeated on the op- 
tic nerve, repreſented in plate D, fig. 4+ In which c. a. e. J. d. 


repreſents the choroeides and ſclerotica ; a. b. the part of the optic ' 


nerve that is within the eye; v. v. v. the vitreous humour; 
a. f. g. B. the pefien; h. i. the cryſtalline. For the reception of 
this peen, the optic nerve comes farther within the eye than in 
other creatures, The ſtructure of this pe&en is very like that of 
the Iigamentum ciliare and in the eye of a magpye, and ſome 
others, I could perceive it to be muſculous towards the bottom. 
This peden is ſo firmly fixed unto, or embodied in the vitreous 
humour, that the vitreous humour hangs firmly to it, and is not ſo 
eaſily parted from it. By which means all the motions of the 
pedten are eaſily communicated to the vitreous humour, and indeed 
to all contained in the choroeides. And foraſmuch as the \ery/ſal- 
line is connected to the vitreous humour, therefore alſo the altera- 
tions in the vitreous humour affect alſo the cry/alline; and the 
cryſtalline is hereby brought nearer uato or farther fe. the re- 
tina, as occaſion is. | | 

vor. i. * 5 N Beſides 
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far of or near, becauſe theſe things are what are 


_ uſually taken notice of; but that which I ſhall ob- 
ſerve is the prodigious art and finery of its conſti. 


Beſides all which obſervables in the chorveides, and inner eye, 
T have alſo found this farther remarkable in the ſclerotica, and 
outer-part of the eye of birds, viz. that the fore-part of the 


ſclerotica is horny and hard, the middle part thin and flexible, 


and brates intervene between the fore and hind part, running 
between the choroeides and ſclerotica; by which means the cornea, 
and back-part of the eye, are brought to the ſame conformity 


that the reſt of the eye hath. 


The great end and defign of this ſingular and curious appara- 
fus in;the eyes, both of birds and fiſhes, 1 take to be, 1. to ena- 
ble thoſe creatures to ſee at all diſtances, far off, or nigh ; which 
(eſpecially in the waters) requireth a different conformation of 
the eye. In birds alſo, this is of great uſe, to enable them to 
ſee their food at their bill's end, or to reach the utmoſt diſtances 
their high flights enable them to view; as to ſee over great tracts 


of ſea or land, whither they have occaſion to fly ; or to ſee their 


food or prey, even ſmall fiſhes in the waters, and birds, worms, 
Oc. on the Earth, when they fit upon trees, high rocks, or are 
hovering high in the air. 2. To enable thoſe animals to adapt 
their eye to all the various refractions of their medium. Even the 
air itſelf varies the refractions, according as it is rarer or denſer, 
more or leſs compreſſed ; as is manifeſt from the learned and in- 
genious Mr, Lowthorp's experiment in Phil. Tranſ. No. 257, 


and ſome other experiments ſince of the before-commended Mr. 


Hamwkſbee, both in natural, rarified, and compreſſed air; in each 
of which, the refractions conſtantly varied in exact proportion 
to the rarity or denſity of the air. Vid. Hawlſber's Exp. p. 175, 
& | | 


Co ; 
Beſides this conformity in general, between the eyes of birds 


and fiſhes, Du Hamel tells us of a ſingular conformity in the cor- 


morant's eye, and that is, that the cry/alline is globous, as in 
fiſhes, to enable it to ſee and purſue its prey under water: which 
J. Faber, in Mr. Willughby, ſaith they do with n feoift- 
weſt, ond for a s long time. Will. Ornithol. p. 329. 

tuent 
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tuent parts, it being, according to ſome late nice 
microſcopical obſervations (ee), compoſed of di- 
vers thin ſcales, . and theſe made up of one ſingle 
minuteſt thread or fibre, wound round and round, 
ſo as not to croſs one another in any one place, 
and yet to meet, ſome in two, and ſome in more 
different centres; a web not to be woven, an 
optic lens not to be wrought by any art leſs than 
Infinite Wiſdom. 

Leftly, To conclude the parts of this admirable 
organ, I ſhall make only one remark more, and 
that is about its nerves. And here, among others, 

the admirable make of the optic nerves might de- 


(er) The cryflalline humour, when dried, doth manifeftly 
enough appear to be made up of many very thin ſpherical 
lamine, or ſcales lying one upon another. Mr. Lewenhook 
reckons there may be two thouſand of them in one cryfalline, 
from the outermoſt to the centre. Every one of theſe ſcales, 
he ſaith, he hath diſcovered to be made up of one fingle fibre, 
or fineſt thread, wound in a moſt ſtupendous manner, this 
way and that way, ſo as to run ſeveral courſes, and meet in 
as many centres, and yet not to interfere or croſs one another 
in any one place. In oxen, ſheep, hogr, dogt, and cats, the 
thread ſpreads into three ſeveral courſes, and makes as many 
centres : in whales five; but in hares and rabbits only two. 
In the whole ſurface of an ox's cryſtalline, he reckons there 
are more than twelve thouſand fibres juxtapoſited. For the 
right and clear underſtanding of the manner of which admi- 
rable piece of mechaniſm, I ſhall refer to his cuts and de- 
ſeriptions in Philoſ. Tranſ. No. 165, and 193. The truth here- 
of I have heard ſome ingenious men queſtion ; but it is what I 
myſelf have ſeen, and can ſhew to any body, with the help 
of a good microſcope. | | 

| M2 ſerve 
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ſerve to be taken notice of in the firſt place, their 


medullary part () terminating in the brain itſelf, 
the teguments propagated from the meninges, and 
_ terminating in the coats of the eye, and their com- 


modious inſertions into the ball of the eye, in ſome 
directly oppoſite to the pupil of the eye, in others 
obliquely towards one fide (gg). But moſt of 
theſe things have been treated of, and the conve- 
vience hereof ſet forth by others that have written 
of God's works, I ſhall therefore take notice only 
of one wiſe proviſion the Creator hath made about 
the motion of the eye, by uniting into one the 


(JS. Malpighi obſerved the middle of the optic nerve 
of the ſword-fiſb, to be nothing elſe but a large membrane, 
folded according to its length in many doubles, almoſt like a 
fan, and inveſted by the dura mater; whereas in land-animals 
it is a bundle of fibres. Vide Philgſ. Tranſ. No. 27. 

(gg) Certiſimum eft, quad in omnibus oculis humanis ( quos ſallem 
mihi diffecare contigit } nervus opticus Pupille & diametro opponitur, 
. It is very certain, that in the human eye, (at leaſt 
in all ſuch as I have happened to diſſect,) the optic nerve is 
placed directly oppoſite to the diameter of the n. — 1. 
Willis de Anim. de Brut. p. 1. c. 15. 

| Nervi oftici in nobis, item in cane, fele, (& in ceteris forſan 
animalibus calidis, ) ad fundum oculi delati pupille regioni proſpici- 
unt, dum interim in aliis quadrupedibus, uti etiam in piſcibus & 
volucribus, oblique ſemper tunice ſclerotidi inſeruntur.—* The optic 
nerve, in the human ſpecies, and likewiſe in the dog and the 
cat, (perhaps too in other animals of a warm habit,) is placed 
at the bottom of the eye and directly fronting the pupil. But 
in che reſt of the quadrupeds, and in nſhes and birds, it is al- 
ways obliquely inſerted in the tunica ſelerotis.” TO Willis 
45. C. 7. ſect. 11. 

third 
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third pair of nerves, called the motory nerves (bh), 
each of which ſending its branches into each 
muſcle of each eye, would cauſe a diſtortion in 
the eyes; but being united into one, near their 
inſertion into the brain, do thereby cauſe both 
eyes to have the ſame motion; ſo that when one 
eye is moved this way and that way, to this and 
that object, the other eye is turned the ſame way 
alſo. | 
Thus from this tranſient and light view (I may 
call it) of the parts of the eye, it appears what an 
admirable Artiſt was the contriver thereof, And 

now in the | 

Seventh and laſt place, let us conſider what pr 
viſion this admirable Artiſt hath made for the 
guard and ſecurity of this ſo well formed organ (ii). 
thy And 


(%) This pair is united at its riſe ; whence is commonly drawn 

a reaſon why one eye being moved toxwards an object, the other is 
directed alſo to the ſame. Gibſon's Anat. book iii. chap. 11. 80 
Bartholine Anat. lib. 3. c. 2. | 
(ui) Among all the other ſecurity the eye hath, we may 
reckon the reparation of the aqueous humour ; by which means 
the eye when wounded, and that in all appearance yery danger- 
ouſly too, doth often recover its ſight : of which Lern. Ver- 
zaſcha gives divers examples ancient and modern. One is from 
Galen, of a boy ſo wounded, that the cornea fell, and became 
flaccid, but yet he recovered his fight. Other ſuch like inſtances 
alſo he gives from Realdus Columbus, Rhodius, and Tulpius ; 
and one that he cured himſelf, in theſe words; Ego in nobiliſimi 
viri filiold fimilem caſum obſervavi : hec dum levibus de cauſit cum 
fratre altercaret, iſle iracundid percitus cultellum ſcriptorium appre- 
hendit, & ſororis oculo vulnus infligit, inde humor aqueus efftuxit, 
| M3 8 5 V ocatug 
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And here we ſhall find the guard equivalent to the uſe 
and excellency of the part. The whole organ for- 
tified and fenced with ſtrong, compact bones, lodg- 
ed in a ſtrong, well made ſocket, and the eye it- 


Vocatus praſentem chirurgum juſſi ſequens collyrium anodynum E 
exficcans tepid? ſepiùs admovere. R ag. plantag. 7 iv. Roſar. 
Sanicul. Euphraſ. ana Trochiſe, alb. Rhaſ. cum opio Oi j. tis 
5b. O j. eroci orient. O G. M. Hoc collyrium inflammationem 
compeſcuit, vulnus ficcavit & ſanavit. Hinc poſt aliguot menſes 
humor aqueus ſuccrevit. Nam viſus, ſed debilior, cum ſummo pa- 
rentum gaudio redivit,—* A ſimilar caſe occurred to myſelf 
of a nobleman's daughter, who in a trifling quarrel with her 
brother, was wounded by him in the eye with a pen-knife, ſo 
that the aqueous humour ran out. Being called to her aſſiſt- 
ance, I ordered the ſurgeon who was preſent to apply warm, 
and frequently to the eye, the following anodyne and exſiccat- 
ing collyrium, &c.— This reduced the inflammation, and dried 
and healed the wound. From that time the aqueous humour 
was renewed in a few months; and to the great joy of her pa- 
rents, her ſight was reſtored, though ſomewhat weaker than 
before.” B. Verzaſche Obſerv. Medice. Ob. 14. 

Another cure of this kind was experimented by Dr. Daniel 
Major, upon a gooſe, ann. 1670, the aqueous humour of both 
whoſe eyes they let out, ſo that the eyes fell, and the gooſe 
became quite blind: but without the uſe of any medicine, in 
about two days time, Nature repaired the watery humour 
again, the eyes returned to their former turgency, and the 
gooſe was in a week after produced, ſeeing, before twenty- 

eight or thirty ſpectators. Ephem. Germ, T. 1. Add. ad. Obf, 
117. ä 
From the ſame cauſe, I doubt not, it was that the eye of a 
gentleman's daughter, and thoſe of a cock, when wounded, 
ſo that the cornea ſunk, were reſtored by a Lithuanian chymiſt, 
that paſſed for a conjurer, by the uſe of a liquor found in May 
in the veſiculæ of eln. Of which fee Mr. Ray's Catal. Cantab. 
in Ulmus from Henr, ab Heers. 7 

i ſelf 


8 
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ſelf guarded with a nice made cover (4). Its hu- 
mours, and its inward tunics, are indeed tender, 
| BY propor- 


(44) Palpebre, gue ſunt tegmenta oculorum, molliſims tau, 
nz lederent aciem, aptiſſime fate, & ad claudendas pupillas, ng 
quid incideret, & ad aperiendas ; idque providit, ut identidem fiert 
pofſet cum maximd celeritate. Muniteque ſunt palpebre tanquam 
vallo pilorum e quibus E apertis oculis, fi quid incideret, repelle» 
retur, & ſomno conniventibus, cùm oculis ad cernendum non ege-. 
remus, ut qui, tanquam involuti, quieſcerent, Latent pretered 
utiluer, & excelſis undigus partibus ſepiuntur« Primùm enim ſu- 
periora ſuperciliis obdufa ſudorem d capite, & fronte defluentem 
repellunt. Gene deinde ab inferiore parte tutantur ſubjecta, levi- 
terque eminentes,—* The eye-lids, which are the coverings of 
the eyes, are ſoft to the touch that they may not hurt the 
ſight, and are fitted both for veiling and opening the pupils 
with the greateſt celerity. 'They are defended by the ey 
laſhes, as by a paliſade which prevents any thing from fall - 
ing into them while the eyes are open; and cloſing together 
in ſleep the eye is at reſt under their covering. They are, 
likewiſe, moſt admirably placed under ſhelter, and are guarded 
on all ſides by more prominent parts. The upper eye-lids, 
covered by the eye-brows, are ſcreened from the ſweat falling 
don from the forchead ; the under eye-lids are defended by 
the cheek bones which riſe higher than their ſurface.” —Cicer, 
de Nat. Deor. I. 2. c. 57. | 
Tully, in the perſon of a Stoich, having ſo well accounted. 
for the uſe of the eye-lidr, I ſhall, for a further manifeſgtion 
of the Creator's contrivance and ſtructure of them, take notice 
of two or three things: 1. They conſiſt of a thin and flexible, 
but ſtrong ſkin, by which means they the better wipe, clean, 
and guard the cornea: 2. Their edges are fortified with a ſoft 
cartilage, by which means they are not only enabled the better 
to do their office, but alſo to cloſe and ſhut the better: 3. Out 
of theſe cartilages grows a paliſade of ſtiff hairs, of great uſe 
to warn the eye of the invaſion of dangers, to keep off motes, 
and to ſhut out too exceſſive light, Cc. and at the ſame time 
u 4 . to 


7 


FS 


- = 
- — — — === — 
La 2 L f 
2 — —_ SLY 8 = 
Fry * . "=. — Hb 1 * 
5 1 > . : "Fl 


- l _ : = - \ Tg 2 r 
3 = w. 8 — 2 1 
NR e EET 


FN | 


168 OF THE EVE. B. Iv. 


proportionate to their tender, curious uſes; but 
the coats without, are context and callous, firm 
| and 


to admit of (through their intervals) a ſufficient paſſage for 
objects to approach the eye. And it is remarkable, that theſe 


- hairs grow but to a certain, commodious length, and need no 


cutting, as many other hairs of the body do : alſo, that their 
points ſtand out of the way, and in the upper lid bend upwards, 
as they do downwards in the lower lid, whereby they are well 


adapted to their uſe, From which laſt obſervables, we may 


learn how critical and nice the great Author of Nature hath 
been, in even the leaſt and moſt trivial conveniencies belonging 
to animal bodies; for which reaſon I have added it to 7 ully's 
remarks, And more might have been added too, as particu- 


* larly concerning the curious ſtructure and lodgment of the 


right muſcle, which opens the eye-lids ; and the orbicularis, or 
circular one, that ſhuts them the nice apparatus of glands that 
keep the eye moiſt, and ſerve for tears ; together with the reaſon 
why man alone, who is a ſocial animal, doth exhibit his ſocial 
affections by ſuch outward tokens as /ears ; the nerves alſo, and 
other organs acting in this miniſtry, I might alſo ſpeak of 

the paſſages for diſcharging the ſuperfluous moiſture of the 
eyes through the noſtrils, and much more of the like kind. 
But it would take up too much room in theſe notes; and 
therefore it ſhall ſuffice to give only ſuch hints as may create a 


| ſuſpicion of a noble ceconomy and contrivance in this (I had 


almoſt ſaid) leaſt conſiderable part of the eye. But for par- 
ticulars I ſhall refer to the anatomiſts; and for ſome of theſe 
things, particularly to Dr. Willi“ Cereb, Anat. and de Anim. 
Brut. and Mr. Cowper's elegant cuts in the 11th Tab. of his 
— 

To the eye-lids we may add another guard afforded the eyes 
of moſt quadrupeds, birds, and fiſhes, by the niditating- membrane, 
which Dr. Wilks gives this account of: Plurimis [animalibus] 
quibus muſculus ſu uſpenſorius ad (which limitation he needed not 
to have added) etiam alter membranoſus conceditur, qui i juxta interi- 
orem oculi canthum fitus, quando elevatur, oculi globum fers totum ob- 
tegit, 


10 


and ſtrong. And in ſome animals, A 
birds (//), ſome part of thoſe tunicles have the na- 
ture and hardneſs of bone or horn. 

But for animals, whoſe eyes, like the reſt of 
their body, are tender, and without the guard of 


tegit. Hujus uſus efſe videtur, ut cum beſlie inter gramina, Wc. ca- 
pita ſua propter vium capeſſendum demergunt, hie muſculus oculi 
pupillam, n# a flipularum incurſu feriatur, oculit, munitque.—“ In 
- molt animals which have the ſuſpenſory muſcle, there is likewiſe 
a membranous muſcle which adjoins to the inner corner of the 
eye, and when it is raiſed up, covers almoſt the whole ball of the 
eye; the uſe of which ſeems to be, that when the animals lower 
their heads in ſearch of food among graſs, buſhes, &c. this muſcle 
covers and defends the pupil of the eye againſt ſharp pointed 

ſtrawe, and whatever might hurt it.“ De Anim. Brut. p. . 
c. 15. | | 
This membrane man hath not, he having little occaſion to 
thruſt his head into fuch places of annoyance as beaſts and 
other animals; or if he hath, he can defend his eyes with his 
hands. But birds (who frequent trees and buſhes) and qua- 
drupeds, (hedges, and long graſs,) and who have no part ready, 
like the hand, to fence off annoyances ; theſe, I ſay, have this 
incomparable proviſion made for the ſafety of their eyes. And 
for fiſhes, as they are deſtitute of eye-lids, becauſe in the waters 
there is no occaſion for a defenſative againſt duſt and motes, of- 
fenſive to the eyes of land-animals, nor to moiſten and wipe the 
eyes, as the eye-lids do, ſo the nifitating-membrane is an abundant 
2 for all their occaſions, without the addition of the eye- 
And now, if we reflect, are theſe the works of any thing but 

a wiſe and indulgent Agent ? | | 

(7) Although the hardneſs and firmneſs of the adnata, or 
ſclerotica in birds, is a good guard to their eyes, yet I do not 
think it is made thus, ſo much for a defence, as to miniſter to the 
lengthening and ſhortening the eye, mentioned before in note (er). 
| bones ; 
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bones; there nature hath provided for this neceſſa- 
ry and tender ſenſe, a wonderful kind of guard, 
by endowing the creature with a faculty of with - 
drawing its eyes into its head (m), and lodging 
them in the ſame ſafety with the body. 

Thus have I ſurveyed this firſt ſenſe of animals, 
I may ſay in a curſory, not accurate, ſtrict manner, 
conſidering the prodigious workmanſhip thereof ; 
but ſo, as abundantly to demonſtrate it to be the 
contrivance, the work of no leſs a being than the 
infinitely wiſe, potent, and indulgent Creator (un). 
For none leſs could compoſe ſo admirable an or- 
gan, ſo adapt all its parts, ſo adjuſt it to all occa- 


ſions, ſo nicely provide for every uſe, and for every 
emergency: in a word, none leſs than Gop could, 


(mm) Cochleis oculorum vicem cornicula bina pretentu implent.— 
Two little horns ſtretched out are the eyes of the ſnails,” — 
Plin. Nat. Hiſt. I. 11. c. 47. See more of the eyes of ſnails be- 
fore in note (4) ; and in note (J), I ſaid that I ſuſpected moles 


; alſo might thruſt out, or withdraw their eyes more or leſs within 


the hair or ſkin, 

(an) The diligent $turmius was fully perſuaded there could 
nat be any ſpeculative atheiſm in any one that ſhould well ſurvey 
the eye. Nobit, ſaith he, fuit perſuqſſiſſimum, atheiſmum, quem vo- 
cant ſpeculativum, h. e. obfirmatam de Deitate in univerſo nulla per- 
ſuqſi ſonem, habere locum aut inveniri non pofſe in eo homine, qui vel 
unius corporis organict, Q. ſpeciatim oculi fabricam attento animo afe 
pexerit.— I am thoroughly convinced that what is called ſpe- 
culative atheiſm, or a firm perſuaſion of the non-exiſtence of a 
Deity, was never found in any man who had attentively conſidered 
the ſtructure of any organized body, more eſpecially that of the 
eye. urn. Exerc, Head. 9. De Viſ. Organ, & Rat. in Epi- 


logo. 


I fay, 
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I ſay, thus contrive, order, and provide an organ, 
as magnificent and curious as the ſenſe is uſeful ; a 
ſenſe without which, as all the animal world would 
be in perpetual darkneſs, ſo it would labour under 
perpetual inconveniencies, be expoſed to perpetual 
harms, and ſuffer perpetual wants and diſtreſſes. 
But now by this admirable ſenſe, the great God, 
who hath placed us in this world, hath as well pro- 
vided for our comfortable reſidence in it; enabled 
us to fee and chuſe wholeſome, yea, delicate food; 
to provide ourſelves uſeful, yea, gaudy cloathing, 
and commodious places of habitation and retreat. 
We can now diſpatch our affairs with alacrity and 
pleaſure, go here and there as our occaſions call us. 
We can, if need be, ranſack the whole globe, pene- 
trate into the bowels of the earth, deſcend to the 
bottom of the deep, travel to the fartheſt regions of 
this world, to acquire wealth, to encreafe our knows 
ledge, or even only to pleaſe our eye and fancy. * 
We can now look. about us, diſcern and ſhun the 
precipices and dangers which every where encloſe 
us, and would deſtroy us. And thoſe glorious ob- 
jects which fill the heavens and the earth, thoſe ad- 
mirable works of Gop which every where ſurround 
us, and which would be as nothing to us without 
being ſeen, do by means of this noble ſenſe preſent 
their glories to us (oo), and fill us with admiration 
| and 


(o) The glorious landſcapes, and other objects that 
themſelyes to the eye, are manifeſtly painted on the retina, and 
that not erect, but inverted as the laws of optics require; and is 
| manifeſt 
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and pleaſure. But I need not expatiate in the uſe. 
fulneſs and praiſes of this ſenſe, which we receive 


manifeſt to the eye from monſieur Carter's experiment, of laying 


bare the vitreous humour on the back part of the eye, and 


clapping over it a bit of white paper, or the ſkin of an egg; and 
then placing the fore part of the eye to the hole of the window 


of a darkened room. By which means we have a pretty land- 


ſcape of the objects abroad invertedly painted on the paper, 
on the back of the eye. - But now the queſtion is, How in 
this caſe the eye comes to ſee the objects erct? Monſieur 
Carter's anſwer is, Notitia illius ex nulld imagine pendet, nec 


ex ulld aftione ab objefis weniente, ſed ex ſolo fitu exiguarum par- 


tium cerebri, e quibus nervi expullulant.——E g. cogitandum in oculo. 


| fitum capillamenti nervi optici—reſpondere ad alium quendam partis 


cerebri - qui facit ut anima fingula loca cognoſeat, que Jacent i in red, 
aut quaſi red lined ; wt ita mirari non debeamus corpora in naturali 


ſitu videri, quamvis imago in oculo delineata contrarium habeat, — 


The knowledge of the upright ſituation of objects does not 
depend on any picture, or any thing proceeding from the ob- 
jects, but ſolely on the ſituation of the minute parts of the brain 


+ from which the nerves ſpring out. For example; we may ima- 


gine that the ſmall threads of the optic nerve correſpond with 


| ſome oppoſite part of the brain, ſo that the mind perceives _ 


objects ere, though the picture is reverſed.” —Dioptr. c. 6. 

But our moſt ingenious Mr. Molyneux anſwereth thus: The eye 
is only the organ or inſlrument, it is the ſoul that ſees by means of the 
eye. To enquire then how the ſoul perceives the object ereli, by an in- 
vertel image, it to enquire into the ſoul's faculties, But ereft and in- 
werted are only terms of relation to up and down ; or farther from, 
or nigher to the centre of the earth, in parts of the ſame thing. But 
tbe eye or wiſive ſaculty tales no notice of the internal poſture of its 
own parts, but uſeth them as an inſlrument only, contrived by Nature 
for the exerciſe of ſuch a faculty. Let us imagine, that the eye (on 
its lower. part) receives an impulſe [by a ray from the upper part 
of the object ], muſt not the viſive faculty be neceſſarily direfted hereby 
to er this firoke as coming from the top rather than the bottom 

[of 
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the benefit of every moment, and the want, or any 
defect of which, we lament among our greateſt miſ- 
fortunes. 

Leaving then this ſenſe, I ſhall proceed to the 
other four, but more briefly treat of them, by reaſon 
we have ſo ample a ſpecimen. of the divine art in the 
laſt, and may preſume that the ſame is exerted in 
all as well as one. For a demonſtration of which, 
let us in the next place * ſcrutiny to the 
ſenſe of hearing. 


[of the object ], and conſequently be An rand it the repre- 
ſentation of the tap? Hereof we may be ſatisfied, by ſuppoſing a man 
landing on his head. For here, though the upper parts of objefs are 
fainted on the upper parts of the eye, yet the objects are judged to be 


ere. What is ſaid of eres and reverſe, may be underflood of finifler 
and dexter, Molyacux's Dior. Nov. part i. prop. 28. 
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CHAP. III. 


Of the Senſe of Hearing. 


(ConctaninG the ſenſe of hearing, I ſhall take 
notice of two things, the organ, the * and 
its object, ſounl. 

I. For the organ, the car; I ſhall paſs by its 


convenient number of being double, which (as in 


the laſt ſenſe) ſerves for the commodious hearing 
every way round us; as alſo a wiſe proviſion for 


the utter loſs or injury (a) of one of the ears. But 
| I ſhall 


(a) I preſume it will not be ungrateful to take notice here 
of the admirable, as well as uſeful ſagacity of ſome deaf perſons, 
that have learned to ſupply their want of hearing by underſtand- 
ing what is ſaid by the motion of the lips. My very ingenious 
friend Mr. Waller, R. S. Secr. gives this account: There live. 
now, and have from their birth, in our town, a man and his fifter, 
each about fifty years old, neither of which have the leaſt ſenſe of 
hearing,—yet both of theſe know, by the motion of the lips only, 
whatever is ſaid to them, and will anſaver pertinently to the queſtion 
propoſed to them.—The mother told mg they could hear very well, 
and ſpeak when they were children, but both loft that ſenſe after- 
wards,” which makes them retain their ſpeech ; though that, to per- 
ons not uſed to them, is a little uncouth and odd, but intelligible enough, 
Philoſoph. Tranſ. No. 312. 

Such another inſtance is that of Mr. Goddy, miniſter of St. 
Gervais in Geneva, his daughter. She is now about ſixteen years 
old. Her nurſe had an extraordinary thickneſs of hearing; at a 
gear old, the child ſpale all thoſe little words that children begin ta 
ſpeak at that age. Al two years old, they perceived ſbe had loft her 

on. hearings 


— 
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I ſhall a little inſiſt upon its ſituation, and its admi- 
rable fabrick and parts. 

1. It is ſituated in the moſt convenient part of 
the body, (like as I faid the eye is,) in a part near 
the common ſenſory in the brain, to give the more 
ſpeedy information; in a part where it can be beſt 
guarded, and where it is moſt free from annoyances 
and harms itſelf, and where it gives the leaſt annoy- 
ance and hindrance to the exerciſes of any'other 
part; in a part appropriated to the peculiar-uſe of 
the principal ſenſes, in the moſt lofty, eminent part 
of the body, where it can perceive the moſt objects, 
and receive the greateſt information: And laſtly, in 
a part in the neighbourhood of its ſiſter ſenſe the 
eye, with whom it hath peculiar and admirable 
communication by its nerves, as I intend to ſhew in 
its proper place. In reſpect then of its ſituation and 
place in the body, this ſenſe is well deſigned. and 


hearing, nd was ſo deaf, that ever y though ſbe hears great 
moiſes, yet ſhe hears nothing that one can ſpeak to her. But by ab- 


ferving the motions of the mouth and lips of others, ſbe hath acquired 
fo many words, that out of theſe ſhe hath formed a ſort of jargon, in 
which ſbe can hold converſation cuhole days wwith thoſe that can ſpeak 
her own language. I could underfland ſome of her vords, but could 
not comprehend a period, for it ſeemed to be but a conſuſed noiſe. 
She knows nothing that is ſaid to her, unleſs ſhe ſeeth the motion of 
their mouths that ſpeak to her ; ſo that in the night, when it is neceſs 
ſary to ſpeak to ber, they muſt light a candle. Only one thing ap- 
feared the flrangeft part of the whole narration ; ſbe hath a ſiſter, 
wvith whom ſhe hath pradiſed her language more than with any other : 
and in the night, by laying her hand on her ſiſter's mouth, Joe can per 
ceive by that what ſbe ſaith, and ſo can diſcourſe with her in the 4 
* Burnet's Let. 4. p. 248. 
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contrived, and may ſo far be accounted the work 


of ſome admirable artiſt, But, 
2. If we ſurvey its fabric and parts, it will ap- 


pear to be an admirable piece of the divine wiſdom, 
art, and power. For the manifeſtation of which, 
let us diſtinctiy ſurvey the outward and the * 
part of this curious organ. 

1. For the outward ear : if we obſerve its ſtruc- 
ture in all kinds of animals, it muſt needs be ac- 
knowledged to be admirably artificial, it being ſo 
nicely prepared, and adjuſted to the peculiar occa- 
ſions of each reſpective animal. In man (6), it is 

| of 


(3) T cannot but admire that our moſt eminent modern ana- 
tomiſts ſhould not agree, whether there be any muſcles in the 
outward car of man or not. Dr. Keil ſaith there are two; Dr. 
| Drake the ſame number; and Dr. Gibſon makes them to be four. 
So alſo doth monſieur Dionis, and ſo did the ancient anatomiits : 
but Dr. Schelhammer expreſsly denies there are any, and faith, 
Seduxit autem reliquos brutorum anatome, in quorum pleriſque tales 
muſculi plures inveniuntur ; ' putirunt autem fortaſſis ignominioſum 
homini, fi non & his infirutus get, & minds inde perfettum animal 
fore. Others are led into a miſtake from the diſſection of 
brutes, in moſt of which we find many ſuch muſcles, and they have 
perhaps thought it derogatory to man to want ſuch muſcles ; as 
if he were on that account a leſs perfect animal.” Schel. de Au- 
ditu, p. 1. c. 1. ſect. 7. But Valſalva, who wrote very lately, 
and is very accurate in his ſurvey of the ear, ſaith, Muſculi auri- 
cule pofteriores quandoque quatuor, guandoque duo ; fed ut plurimum 
tres adnotantur ; & quando folim duo ſe manifeſtant, tunc unus ex 
ills duplicato tendine vers concham dęſerri ſolet. Horum muſcu- 
lorum in numero varietatem non ſolùm in diverſis ; verum etiam in 
todem ſubjefo quandoque vidi.—-Ex quibus differentiis ſuborte ſunt 
auforum diſcrepantis in horum muſculorum numero, & poſitu : 
quod non eveniſſet, fi pluries in diverſis corporibus lidem muſeuli * 
a ft 
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of a form proper for the erect poſture of his body. 
In birds, of a form proper for flight; not protube- 
rant, becauſe that would obſtru& their progrels, 
but cloſe and covered, to afford the eafier paſſage 
through the air. In quadrupeds, its form is agree- 
able to the poſture, and flower motion of their bo- 
dies; and in theſe too, various, according to their 
various occaſions. In ſome large, erect, and open, 
to hear the leaſt approaches of dangers (c), in 
others covered, to keep out noxious bodies. In 
the ſubterraneous quadrupeds, who are forced to 
mine and dig for their food and habitation, as a 
protuberant ear, like that of other quadrupeds, 
would obſtruct their labours, and be apt to be 
torn and injured; ſo oY have the contrary (d), 

their 


* ent. Ant. Mar. Valſalva de Aur. Human. c. 1. ſect. 6. 
But Dr. Drake thinks ſome of Yalſalva's muſcles the product 
of fancy. Mr. 'Cowper makes them to be three, one attollent, 
and two retrahent muſcles, See Anat. Tab. 12. 

(e) Inter cetera [ animalia aurita] maxime admirabilis eft auriz 
leporine fabrica, quod cùm timidiſſimum animal fit, & prorſus inerme, 
Natura id tum auditu aculiſimo, tanquam hoſtium exploratore ad per- 
ſentienda pericula, tum pedibus ceu armis ad currendum aftis muniviſſe 
wvidetur.—* Among the other animals, the hare's ear is of the 
moſt admirable fabric; for being a moſt timid creature, and al- 
together unarmed, Nature has given her a wonderful acuteneſs of 
hearing for the diſcovery of her enemies, and great ſwiftneſs of 
foot as a defence againſt them.” H. Kircher's Phonurg. I. 1. 
ſet. 7. Technaſ. 2. 

(4) Moles have no protuberant ear, but only a round hole be- 
tween the neck and ſhoulder; which ſituation of it, together 
with the thick, ſhort fur that covers ity is a ſufficient defenſative 
againſt external TIS The meatus auditorius is long, 

vor. 1. * round, 
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their ears ſhort, lodged deep and backward in their 
head, and iin to the under part thereof, and 
all 


round, and cartilaginous, reaching to the under part of the ſkull, 
Round the inſide runs a little ridge, reſeinbling two threads of a 
ſcrew ; at the bottom whereof is a pretty inlet leading to the 
drum, made, on one fide, with the aforeſaid cochleous ridge, and 
on the other, with a ſmall cartilage, I obſerved there was ceru- 
men in the meatus. 

As to the inner ear, it is, ſomewhat ſingular, and different 
from that of the other quadrupeds, and much more from birds, 
although I have met with ſome authors that make it agreeing 
with that of birds. There are three ſmall bones only (all hol- 
low) by which the drum (to uſe the old appellation) or the mem- 
brana tympani (as others call it) acteth upon the auditory nerve. 
The firſt is the malleus, which hath two proceſſes nearly of equal 
length ; the longer of which is braced to the membrani tympani, 
the ſhorter to the ſide of the drum or os petroſum 5-the back part 
of it reſembles the head and ſtalk of a ſmall muſbroom, ſuch as are 
uſuallypickled. On the back of the malleuslies the next ſmall bone, 
which may be called the incus, long, and without any proceſs, 
having ſomewhat the form of the ſhort ſcoop wherewith water- 
men throw the water out of their wherries. To the end of this 
the third and laſt ſmall bone is tacked by a very tender brace. 
This little-bone bears the office of the abet, but is only forked 
without any baſe. One of theſe forks is at one feneftra, or ſura- 
men, the other at another; in which feneffre I apprehend the 
forks are tacked to the auditory nerve. Theſe feneftre (equiva: 
lent to the feneftra ovalis, and rotunda in others) are the inlets 
into the cochlea and canales ſemicirculares, in which the auditory 
nerve lieth. The ſemicireular canales lie at a diſtance from the 
drum, and are not lodged (as in other animals) in a ſtrong, thick, 
body of bone, but are thruſt out, within the ſkull, making an 
antrum, with an handſome arch leading 1 into it, into which a park | 
of the brain enters. - 

One leg of the malleus being faſtened to the membrana tympanty 
and the incus to the back: of the malleus, and the top of that to 
the top of the „ape, and the forks or branches of the ſapes to 

the 
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all ſufficiently fenced and guarded. And as for 
inſects, reptiles, and the inhabitants of the waters, 
if they enjoy this ſenſe; (as there is great reaſon ta 
think they do, ) it may probably be lodged commo- 
diouſly under the ſame, ſecurity and guard, as the 
ſmelling or ſome other ſenſe 1s. 

And moreover, as the form of this organ is va- 
rious in various animals, ſo in each of them its 
ſtructure is very curious and obſervable, being in 
all admirably contrived to collect the wandering, 
circumambient impreſſions, and undulations of 
ſound, and to convey them to the ſenſory within. 


If I ſhould run over the ſeveral genera of animals, 
we might find a notable proſpe& of the handy-. 
work of God (e), even in this ſo inconſiderable a 


part 


the auditory nerve, I obſerved that whenever I moved the mem» - 


brane, all the little bones were at the ſame time moved, and con- 
ſequently the auditory nerve thereby affected alſo. 
I hope the reader will excuſe me for being ſo particular in this 


organ only of the mole, a deſpiſed creature, but as notable an ex- 
ample of God's work, as its life is different from that of other 
quadrvpeds ; for which reaſon it partly is that I have enlarged 
on this part differing from that of others, and which nobody that 
I know of, hath taken much notice of, and which is not diſco- 
verable without great patience and application; and partly be- 


cauſe by comparing theſe obſervations with book vii. chap. 2. 
note (d), we may judge how the ſenſe of hearing is performed. 
(e) Among many varieties, bath in the inner and outer ear, thoſe 


which appear in the paſſage into the rock-bone, are remarkable. Far 


in an owl, that perches on a iree or beam, and hearkens after the prey 
beneath her, it is produced farther out above than it is below, for the 


better reception of the leaft ſound. © But in a fox, that ſcouteth under» 


neath the prey at raoft, it is for the ſame reaſon produced farther out 
N 2 | belaw. 


* 
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part of animals. But I ſhall only carry my ſurvey 
to that of man. And here the firſt thing that offer. 


eth itſelf to our view, is the Helix, with its tortuous 


cavities, made to ſtop, and collect the ſonorous un- 
dulations, to give them a gentle circulation and re- 


fraction, and ſo convey them to the concha, or 


larger and more capacious round cell at the en- 
trance of the ear. And to bridle the evagation of 


the ſound; when arrived fo far, but withal not to 
make a confuſion thereof, by any diſagreeable re- 
percuſſions, we may take notice of a very curious 
proviſion in thoſe little protuberances called the 


tragus and antitragus of the outward ear, of a com- 


modious form and texture (/), and conveniently 
lodged for this uſe. The great convenience and 
benefit,of this form and contrivance of the outward 
ear, is ſufficiently manifeſt by the want -thereof, 
which cauſeth a confuſfon in the hearing, with a cer- 


tain murmur, or ſwooing like the fall of waters (g). 


Another 


below. In a pole-cat, which hearkens flrait forward, it ts produced 
| behind, for the taking of a forward ſound. Whereas in a hare, 


which is very quick of hearing, and thinks of nothing but being pur- 


ſued, it is ſupplied avith a bony tube, which, as a natural otocouſtic 


is ſo directed backward, as to receive the ſmalleft and mof1 diſtant 


Sound that comes behind her, Grew's Coſmolog. Sacr. Ib. 1. 


c. 5. ſel. 6. 

(/)) The texture of the 7tragus and antitragus is ſofter than 
that of the helix, which ſerveth gently to blunt, not forcibly to 
repel, the ſound in the concha. 

(g) Dr. Gibſon's Anatomy, chap. 22. book iii. 

T hoſe whoſe ears are cut of have but a confuſed way of hearing, 

and are obliged either to form a ou * the ear with their own 
-- "Sands; 
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Another wiſe proviſion of the Creator, is in the 
ſubſtance of the outward ear, which is cartilagi- 
nous, the fitteſt for this place. For (as an ingeni- 
ous anatomiſt () obſerves) © If it had been bone, 
&« it would have been troubleſome, and might by 
« many accidents have been broken off: if fleſh, 
& jt would have been ſubject to contuſion.” But 
indeed a worſe conſequence-than -this would have 
enſued from ſuch a ſoftneſs as that of fleſh, and that 
is, it would neither have remained expanded, neither 
would it ſo kindly receive and circulate the ſounds, 
but abſorb, retard, or blunt their progreſs into the 
inward organ. But being hard, and curiouſly 
ſmooth and tortuous, ſounds find an eaſy paſſage, 
with a regular volutation and refraction: as in a 
well - built arch, grotto, or muſical inſtrument, which 
. magnify and meliorate ſounds ; and ſome of which 
convey even a whiſper to a large diſtance (i): but 
from the outward, let us carry our ſurvey, 


2. To 


hands, or elſe to make uſe of a horn, and apply the end of it to the 
inner cavity of the ear, in order to receive the agitated air. Tir 
bhkewiſe obſerved, that thoſe whoſe ears jus out, hear better than flat- 
ared perſons, Monſieur Dionis's Anat. Demonſtr. 8. 

() Gibſ. Tbid, | 

(i) It would fatigue the reader to reckon up the places 
famed for the conveyance of whiſpers, ſuch as the priſon of Dio- 
nyſius at Syracuſe, which is ſaid to increaſe a whiſper to a noiſe z 
the clapping one's hands to the ſound of a cannon, c. ; or 
the aqueduds of Claudius, which carry a voice fixteen miles, and 
many others both ancient and modern. If the reader hath a 
mind to be entertained in this way, he may find enough in Aire 
aher's Phonurgia. But it may not be irkſome to mention one or 
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2. To this inward part of this admirable organ, 
And here we find the moſt curious and artful pro- 
viſion for every emergency and occaſion, The 
auditory paſſage, in the firſt place, curiouſly tun- 
nelled, and artfully turned, to give ſounds an eaſy 


| paſſage, as well as a gentle circulation and refrac- 


tion (ſee plate D. fig. 3); but withal, ſo as to pre- 
vent their too furious ruſhing in, and aſſaulting the 

more tender parts within, 
And foraſmuch as it is neceſſary that this paſſage 
ſhould be always open, to be upon the watch (4); 
therefore 


two of our own in England. Among which, one of the moſt 
famed is the whiſpering place in Glouceſter cathedral, which is no 
other than a gallery above the eaſt-end of the choir, leading - 
from one ſide thereof to the other. It conſiſteth (if J miſtake 

not) of five angles, and fix ſides, the middlemoſt of which is a 
naked, uncovered window, looking 1 into a chapel behind it. I 
gueſs the two whiſperers ſtand at about twenty-five yards 
diſtance from one another. But the dome of St. PauP's, London, 
is a more conſiderable 2vhiſpering-place, where the ticking of a 
watch (when no noiſe is in the ſtreets) may be heard from ſide 
to fide ; yea, a whiſper may be ſent all round the dome, And 
not andre in the gallery below, but above, upon the ſcaffold, I. 
tried, and found that a whiſper would be carried over one's head 
round the top of the arch, notwithſtanding there is a large opene 


7 ing in the middle of it, into the upper part of the dome. 


(4) Auditus autem ſemper patet : ejus enim ſenſu etiam dormientes 
egemus : A quo cum ſonus eft acceptus, etiam & ſomno excitamur. 
Flexuoſum iter habet, ne quid intrare poſſi, fi ſimplex, & directum, 
pateret ; proviſum etiam, ut ſiqua minima beſtiola conaretur irrum- 


pere, in ſordibus aurium, tanquam in viſco, inhereſceret. —*« The 


{enſe of hearing is always awake; for even while aſleep we ſtand 
in need of that ſenſe ; whence, when any ſound is received by 
the ear, we are rouſed from 212 The car has a winding paſſage to 

F | prevent 
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therefore to prevent the invaſion of noxious inſects, 
or other animals, (who are apt to make their re- 
treat in every little hole,) Nature hath ſecured this 


aſſage , with a bitter nauſeous excrement (n), 
| afforded 


prevent any fubſtance from getting in, which might happen if it 
were ſtraight. It is likewiſe furniſhed with wax, in which any 
inſect attempting to penetrate into the ear, is intercepted and 
Ricks faſt.” —Cicer. de Nat. Deor. I. 2. c. 57. 

It deſerves a particular remark here, that in infants in the 

womb, and newly born, the meatus auditorius is ſhut up very 
cloſely, partly by the conſtriction of the paſſage, and partly by a | 
glutinous ſubſtance, whereby the tympanum is guarded againſt | 
the water in the fecundine, and againſt the injuries of the air as | 
ſoon as the infant is born. 

() It is remarkable, that in moſt, if not all animals, whoſe 
ears are tunnelled, or where the meatus auditorius is long enough 
to afford harbour to ear-wige, or other inſects; that, I ſay, in 
the. ears of ſuch, ear-wax is conſtantly to be found. But in birds, 
whoſe ears are covered with feathers, and where the tympanum 

lies but a little way within the ſkull, no ear-wax is found, be- 

cauſe none is necellity ei the care . 

| tunnelled. 

(m) The ear-wax was thought, by the old anatomiſts, to be 

| an excrement of the brain: Humor bilioſus à cerebro expurgatus,— 

| « A bilious humour purged from the brain,” —the Bartholines 
ſay of it, J. 4. c. 9. But as Schelhammer well obſerves, Ni ab- 

ſurdius, quam cerebri excrementum hoc ſlatuere. Nam & ratio nulla 
ſuadet, ut in cerebro fieri excrementum tale credamus ;—neque vie pa- 
tent per quas ab eo ſecluſum in meatum auditorium poſſit inde pene- 
trare.— There is nothing more abſurd than to ſuppoſe this 
to be an excrement of the brain; for there is no reaſon to be- 
lieve that the brain produces any ſnch excrement ; nor is there 
any courſe by which it could find its way from the brain into 
the auditory paſſage. As to its taſte, Caſſerius gives inſtances 
of its being ſweet in ſome creatures. But Schelhammer ſays, 

Ego vers ſemper, eum amaritie aliguid dulcedinir in illo deprehendi. — 

, 4 « I have 
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afforded from the glands (50 appointed for chat 


purpoſe. 
From hence let us approach the moſt und 
parts, in which we ſhall ſee ſtrokes of the moſt ex- 


quiſite art. To paſs over the innate air, that moſt 
authors talk of (0), (becauſe there is no ſuch,) the 


paſſage 


I have always found a little ſweetneſs along with its bit - 
terneſs,” — Vide Schel. de Audit, p. 1. c. 2. ſect. 10. But I 
could never diſtinguiſh any ſweetneſs in it ; but think it inſipid 
mixed with a bitterneſs, 

() Cerumina amara arteriolis exudantia.—* A bitter waxy 
ſubſtance exſuding from the glands.” — Wills de Anim. Brut. 
par. 1. c. 14. In the ſtin—are little glands, which furniſh a 
yellow and bitter humour. Monfieur Dionis's Dem. 18. An 
handſome cut of thoſe glanduls ceruminoſe is in Dr. Drake, from 
Valſalva. See likewiſe plate D, fig. 3. (7). 

Pliny attributes a great virtue to the ear-wax : Morſus homi- 
nit inter aſperrimos numeratur ; medentur ſordes ex auribus e ac ne 
quis miretur, etiam ſcorpionum idlibus ſerpentiumque ſlatim impgſitæ. 
The bite of a man is reckoned extremely dangerous. The 
cure for it is the ear- Wax, and what is more extraordinary, this 
ſubſtance will cure even the ſting of a ſcorpion or ſerpent,” — 
Plin. Nat. Hiſt. I. 28. c. 4. And that it hath an healing quality, 
and may be accounted a good balſam, I myſelf have experienced. 

(%) That there is ſuch a thing as the innate air, (talked of 
much by moſt authors on this ſubject, ) Schelbammer very juſtly, 
I think, denies ; by reaſon there is a paſſage into the inner ear 
from the throat, through which the innate air may paſs out, and 
the outward air enter in, Vide Par. Alt. p. 2. c. 1. ſe. 10. 
When by ſtopping our breath, and ſtraining, we force the ex- 
ternal air into the ear, it may be heard ruſhing in; and if much 
be forced in, it may be felt alſo to beat againſt the !ympanum. 
When the paſſage to the throat is by any means ſtopped, as by 
a cold in the head, c. the hearing thereby becomes dull and 
blunt; by reaſon the communication betwecu the outward and 
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paſſage to the palate (p), and their uſes, with divers 
other curious things that might be named; let us 
ſtop a little at the part containing the reſt, namely, 
Sy bone (). The particular texture and hardneſs 

of 


inward air is obſtructed: but when by ſtrong e 0 
ſuch like motion of the throat, the paſſage is opened, we perceive 
it by a ſudden ſmack or crack, and we immediately hear very 
clearly; the load of feculent air being at that time diſcharged 
from the inner car. 

It is a wiſe proviſion, that the paſſage for the air into the ear 
is from the throat ; Ut non flatim quivis aer externus irrumpere 
queat (as Schelhammer ſaith, Par. ult. c. 4. ſe. 8.) ſed nonnihil 
immutatus, ac temperatus, calore ex medio ventre exſpirante ; imò for- 
tali non facils alius, niſi ex pulmonibus,—* So that the mm 
air cannot immediately find entrance, but receives a cha 
and temperature from the heat of the body, and muſt, Rep” wa 
be expired from the lungs before it gets into the ear. “ 

(p) Yalſalva hath given us a more accurate deſeription of Fu 
tuba Euflachiana, or paſſage to the palate, than any other author, to 
whom I therefore refer, De Aur. Human. c. 2. ſect. 16, G. 

The chief uſe hereof, he thinks, is to give way to the inner 
air, upon every motion of the membrana tympani, the malleus, in- 
cus, and flapes. This paſſage, if it be ſhut up, deafneſs enſues 
of which he gives two inſtances: one a gentleman, who loſt his. 
hearing by a polypus in the noſe reaching to the uvalaz/ the 
other a yeoman, labouring with an ulcer above the left fide.of 
the uvula ; which when he ſtopt with a tent dipped i in medicine, 
he loſt his hearing in the left eur, and recovered it, as ſoon as the 
tent was out. bid, c. 5. ſect. 10. 


() Os [petroſum] ex quo interiores [labyrinthi] cavitatom; 
parietes conflati ſunt, album, duriſſimum, necnon maximè compactum. 
Id autem d Naturd ita comparatum efſe videtur, ut materia aber 
ſonorum objeftorum impreſſhonibus onuſta, dum prediftis impingitur: 
parietibus, nihil aut ſaltem fere nihil motiit ſui amittat, .atque add l- 
lum qualem ab objeftis ſonoris accepit, talem communicet ſpiritui ani« 
mali contento intra expanſiones rami mollioris ner vorum au. 
66 The 
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HE of which, above other bones of the body, is very re- 
markable ; whereby it ſerves not only as a ſubſtan. 
tial guard to the ſenſory, but alſo to oppoſe the im- 
pulſes of the ætherial matter, that there may be no 
loſs nor contuſion in the ſound ; but that it may be 
conveyed regularly, and entirely to the auditory 
nerves. 

The next part I ſhall take notice of may be that 
fine membrane called the /ympanum, or membrana 
tympani (r), with its inner membrane (s) ; together 

with 


The bone called rock-bone, of which the interior partitions of 
the cavities are compoſed, is white, extremely hard, and very 
much compacted ;- which ſeems to be ſo formed by Nature, that 
the air, while impreſſed: by ſounds, and ſtriking upon theſe 
walls or partitions, may loſe ſcarcely any thing of its motion, 
and thus. may communicate to the animal ſpirits contained within 
the expanſions of the ſofter branch of the nerves of the ear, 
the ſame impreſſion it has received from the ſonorous objects.“ 
Dr. Raym. Vieufſens of Montpellier, in Phil. Tranſ. No. 258. 
(7) The tympanum of the ear, or, as Valſalva and the mogerns 
term it, the membrana tympani, was taken notice of as early as 
Hippocrates's time. In birds, it is ſtrained towards the outward 
parts; in other animals, towards the brain, or inner parts. 
Monſieur Dionis ſaith, It is not equally faſtened to the whole cir- 
cumference of the bony circle, in which it is inchaſed ; for on the 22 
fer fide it hath a free diſengaged part, by which ſome can give went. 
to the ſmoke in their mouth. Demonſtr. 8. That there is ſome 
paſſage I doubt not, but I queſtion whether Monſicur Dionts 
ever ſaw the diſengaged part he mentions. | I have myſelf care- 
fully ſearched divers ſubjects, and do not remember to have ſeen 
any ſuch paſlage ; and I perceive, it eſcaped the diligent Schel-' 
hammer's eye. Valſalva, alſo, by injefting 1 in through the tuba 
Euftachiana, could not force any liquor into the meatus auditorius z 


N he imagines he found the paſſage out i in another place of 
| the 
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with the four little appendent bones (7), and the 
three i inner muſcles to moye them, and adjuſt the 
whole 


the drum, in ſome morbid, and one ſound head. Vulſalv. de 
Aur. Hum. c. 2. ſect. 8. Mr. Cowper alſo affirms there is 2 
paſſage by the upper part of the membrane, Anat. Ap. fig: 8. 
(-) Dr. Viewſens, before-named, diſcovered a membrane, 
denuiſſime rareque admodum texture intra cavitatem tympanig== + 
« of a very thin and rare texture within the cavity of the tyms 
panum,” —as he deſcribes it. Whoſe uſe he faith is, 1. Occludens 
labyrinthi januam impedit ne naturalis puriſſimus ac 3 aer 
intra cavitatet—communicationem—habeat cum aere craſſo. 2 
byrinthi baſin calefacit, &c. ubi ſupra.— 1. By cloſing the entry 
of the labyrinth it prevents the natural pure and ſubtle air within 
the cavities, from having any communication with the denſe ex- 
ternal air. 2. It warms the bottom of the labyrinth.“ Pro- 
bably this double membrane may be ſuch, or after the ſame man- 
ner as it is in the tympanym of birds: of which ſee my obſerva» 
tions in book vii. chap. 2. note (d). 


()) The four little bones being treated of by all that have 
concerned themſelves about this ſenſe of hearing, ſince their 
diſcovery, I ſhall take notice of only two things concerning them. 
1. The diſcovery of them is owing wholly to the diligence and 
ſagacity of the latter ages; of which Schelbummer gives this ac- 
count from Fallopius : Hac officula antiquis anatomicit-—ignota 
fuere ; primuſque qui in lucem produxit [malleum & incudem ] 
Fuit Fac. Carpenſis 5 primus quogue procul omni dubio angtomice 
artis, quam Veſalius poſtea perfecit, reflaurator. Tertium [ Stape- 
dem] invenit ac promulgavit primus Joh. Phil. ab Ingrafſia, Sicu- 
lus, philoſophus, ac medicus dofifſimus. Quartum, Thomd Bar- 
tholin. tefte, viro longe celeberrimo, Fran. Sylvio debetur. Schel. uli 
ſupra, c. 3. ſet. 9. Theſe little bones were unknown to 
the ancient anatomiſts, The firſt who diſcovered the malleus 
and incus, was James Carpenſis, the earlieſt reſtorer, of the art 
of anatomy, which was afterwards perfected by Veſalius. The 
third bone, viz. the Hape, was firſt found out by Joh. Phil, 
ab Ingraſſia, from Sicily, a learned philoſopher and phyſician, 


- — - , — — r — > . A 


4 


or grateful (4). 


188 or THE FAR, B. iv, 
whole compages to the ſeveral putpoſes of hearing, 
to hear all manner = of ſounds, loud or languid, harſh 


From 


The fourth, as Bartholin informs us, was diſcovered by the 
celebrated Fr. Sylvius. — 2. Their difference in animals: In 


man, and quadrupeds, they are four, curiouſly inarticulated with 


one another; with an external and internal muſcle to draw or 
work them, in extending or relaxing the drum; but in fowle 
the caſe is very different: His unum gſſiculum ſolum, largita eft 


| Natura, quod collumellam forte appellaveris : teres enim g & ſubti- 


liſſimum, baſi innitens latiori, rotunde. Huic adnexa eff cartilago 
walde mobilis, que in tympanum videtur terminari.— To theſe 
Nature has given only one little bone, which we may term colu- 
mella or the pilaſter ; for it is taper and ſlender, reſting on a 
broader and round baſe. 'To this is joined a very: moveable 
cartilage, which ſeems to terminate in the tympanum:” — 1d. ib. 
ſect. g. In the ears of all the fowl that I could examine, I never 
found any more than one bone, and a cartilage, making a joint with 
it, that was eafily moveable, The cartilage had generally an epi- 
phyſe, or two, one on each fide. The bone was very hard and ſmall, 


' having at the end of it a broad Plate, of the ſame ſubſtance, very thing 


upon which it refled, as on its baſis. Dr. Al. Moulen in Fi. 
Tranſ. No. 100. 
Theſe are the moſt material things I find obſerved by others, 


concerning the ears of fowls, and ſome of them hardly, I be- 


lieve, obſerved before. To which I ſhall ſubjoin ſome other 
things I have myſelf diſcovered, that I preſume eſcaped the 
eyes of thoſe moſt curious and inquiſitive anatomiſts, Of which 
the laſt cited book vii. chap. 2. note (d). 

(u) Videtur quod tympanum auditionis inſtrumentum preliminare, 
& quaſi preparatorium fuerit, quod ſoni impreſſionem, ſive ſpecies 
ſenſibiles primo ſuſcipiens, eas in debitd proportione, & ap conformi- 
tate, versiis ſenſorium, quod adhut interius fitum eft, dirigat : ſimili 
officio fungitur reſpettu auditius, ac tunice oculi pupillam conſlituentes, 
reſpectu virhs ; utreque membrane ſpecies ſenſibiles refringunt S quaſi 
emolliunt, eafque ſenſorio non niſi 9 cui nudo fe 

edvenianty 
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From this region of the tympanum, I might paſs 
to that of the /abyrinth (ww), and therein ſurvey the 
| curious 


adveniant, teneriorem ejus eraſen facile ledant, aut obruant. Reverd 
tympanum non audit, ſed meliori tuliorique auditioni confert, St bæc 
pars deftruatur, ſenſio adbuc aliguamdiu, redi cet modo, peragi poſe 
ſit ; quippe experimento olim in cane fadto, c. Fanitoris officio uf 
tympanum red? deſungi poſit, expanſum gus pro datd occafione ftringi, 
aut relaxari debet, weluti nimirim Oc uli pupill.— Puapropter buls 
auris tympano, non ſeeus ac bellico, machine ſive tenie quedam ape 
ponuntur, que ſuperficiem cjus mods tenſiorem, mods laxiorem red. 
dan: hoc enim efficiunt tria officula, cum myſculo, &c.—* The 
tympanum appears to be, as it were, the preparatory inſtrument 
of ſound ; becauſe receiving firſt the impreſſion of the ſounds, it 
tranſmits them in due proportion and apt conformity towards 
the ſenſorium, which is placed farther within. It performs a 
ſimilar office with reſpe& to hearing, that the coats of the 
upil do with reſpe& to ſight. Both membranes refract, and as 
t were, ſoften the ſenſible impreſſions, and tranſmit them juſtly 


proportioned to the ſenſorium, which would be hurt by their 


reaching it at once. It is not in fact the ympanum which hears z 


it only contributes to the ſafe tranſmiſſion of the ſounds, Al- 


though that part were deſtroyed, tnere might be ſome ſenſe of 
hearing, as was proved by an experiment. on a dog. In order- 


that the tympanum may rightly perform the office of a porter 


or janitor to the ear, its expanſe muſt be ftretched or relaxed as 
there is occaſion, in the ſame manner as the pupil of the eye: 
and therefore the tympanum, like the common drum, has certain 
braces which ſtretch or ſlacken its ſurface ; this is effected by 


three ſmall bones with a muſcle,” Willi de Anim. Brat. - 


6. 14+ | 

For this opinion of Dr. Willis, Dr. Schelhammer is very ſevere 
upon him, deriding the refractions he ſpeaks of; and therefore ſeri+ 
oully proves that they are the humours, not tunics of the eye, that 


refract the rays of light; and then jeeringly demandeth, Whether 


the ſonorous rays are refracted by paſſing through a different me- 
dium? Whether the convexity or concavity of the drum collects 
thoſe rays into a focal point, or ſcajters them? &c. And then 
” | | 6 
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eurious and admirable ſtructure of the ve/tibulum, 


the N canals (x), and cochlea; particularly 
— 1 


faith, Ol hat rationes a clariſſviri, ac de re medica ? preclare merit, 
ſententid non pofſumus non N alieniores ; in quo uti ingenium —— 
quotics medicamentorum vires, aut morborum cauſas 'explicat, fic ubt 
forum ſuum egreſſus philoſophum agit, ac vel partium iſum, vel chy- 
micarum rerum naturam ſcrutetur, ejus haud ſemel non modi judicium 
deftdero, verim aliquando etiam ſidem. “ For theſe reaſons I can- 
not help differing in opinion from that celebrated man and ex- 
cellent phyſician; whoſe genius, although I much admire in the 
explanation of the power of medicines and the cauſes of diſeaſes, 
yet when he goes out of his proper department, and aſſumes the 
character of philoſopher in inquiring into the uſes of the parts, 
or attempting chemical diſcuſſions, I find in him a want of judg- 
ment, and ſometimes even of veracity.” This is ſo ſevere and 
unjuſt a cenſure of our truly famous countryman (a man of 
- known probity) that might deſerve a better anſwer ; but I have 
only time to ſay, that although Dr. Schelhammer hath outdone 
all that wrote before him, in his book de Auditu, and ſhewed 
himſelf a man of learning and induſtry ; yet as our countryman 
wrote more than he, (though perhaps not free from errors too,) 
ſo he hath manifeſted himſelf to have been as curious and ſaga- 
cious an anatomiſt, as great a philoſopher, and as learned and 
ſkilful a phyſician, as any of his cenſurers, and his reputation for 
veracity and integrity was no leſs than any of theirs too. But 
after all this terrible clamour, Dr. Schelhammer prejudicately 
miſtaketh Dr. Millir's meaning, to ſay no worſe. For by utregue 
membrane refringunt, Dr. Wilks plainly enough, I think, means 
no more than a reſtriction of the ingreſs of too many rays ; as 
his following explicatory words manifeſt, viz. refringuut, & quaſi 
emolliunt, eaſque ſenſorio non niſi proportionatas tradunt ;—© blunt 
and, as it were, ſoften the ſenſible impreſſions, and tranſ- 
mit them juſtly proportioned to the ſenſorium.“ — But indeed 
Dr. Schelhammer hath ſhewn himſelf a too rigid cenſor, by 
making Dr. Willis ſay, the car- drum hath ſuch like braces as the 
evar-drum, viz. Quod porrs de 'machinis ſeu teniis tympani bellici ad- 


|  ducity dicitque idem in cympano auditorio conſpici, id Profis falſiſimum 


1. 
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the artificial gyrations, and other ſingular curioſi- 
ties obſervable in the two latter. | rich 
But 


. Beſides, what he ſays of the braces of the war. drum, 
affirming that there are the ſame in the tympanum of the ear, ia 
altogether falſe.” —I wonder Dr. Schelhammer did not alſo. 
charge Dr. Willis with making it a porter, ſince he ſaith in the 
ſame paragraph, Fanitoris officio, &c. But Dr. Wilks's means. 
ing is plain enough, that the little bones and muſcles of the car- 
drum do the ſame office in ſtraining and relaxing it, as the braces. 
of the wwar-drum do in that. And conſidering how curious and 
ſolemn an apparatus there is of bones, muſcles, and joints, all, 
adapted to a ready motion; I am clearly of Dr. Millis's opinion, 
that one great uſe of the ear-drum is for the proportioning ſounds, ; 
and that by its extenſion and retraction, it correſponds- to all 
ſounds, loud or languid, as the pupil of the eye doth to ſeveral- 
degrees of light: and that they are no other than ſecondary uſes 
aſſigned by Dr. Schelhammer, as the principal or ſole uſes of 
keeping out the external colder air, duſt, and other annoyances; 
but eſpecially that, Ob ſolius aeris interni potiſſimùm irrumpentis 
vim, hunc motum tympani ac mallei efſe conditum, ut cedere primùm, 
deinde ſibi reflitui queat ;—** This motion is given to the 4ympa» 
num and malleus chiefly on account of the force of *the external 
air in ruſhing into the ear; ſo it is capable of yielding firſt to 
that force, and then reſtoring itſelf ;'*—as his words are, P. ult. 
C- 6. ſect. 13. | x eln | 
It was no improbable thought of Rohault, Nos attentos pres 
bere, nil aliud eft, nifi tympanum, ubi ita opus eft ſudto, contenders 
aut laxare, & operam dare ut illud in ed paſitione intentum flety in 
_ qua tremulum aeris externi motum commodifſime ,excipere poſit 
When we liſten attentively, it is nothing elſe than ſtretching 
or relaxing the tympanum, according to the exigency, and thus 
keeping it in that ſtate in which it can moſt conveniently receive 
= motion of the external air. Rob. Phyſ. p. 1. c. 26. ſet, 
4%... | Toon 
The hearing of deaf perſons more eafily by means of loud 
nollcy, is another argument of the uſe of the training or relaxa - 
| $ | | tio 
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But I ſhall not expatiate on theſe recluſe parts; 
only there is one ſpecial contrivance of the nerves 
| miniſtering 
tion of the tympanum in hearing. Thus Dr. Wile (ubi ſupra) | 
Accepi olim à viro fide digno, ſe mulierem noviſſe, quæ licet ſurda fue- 
rit, quouſque tamen intra conclave tympanum pulſaretur, verba quevix 
clarè audiebat : quare maritus ejus tympaniſtam pro ſervo domeſtics 
conducebat, ut illius ope, colloquia interdum cum uxore ſud haberet. 
Etiam de alio ſurdaſtro mihi narratum eft, qui prope campanile de- 
gens, quotiet una plures campane reſonarent, vocem quamvis facile 
audire, & non alias, potuil.—“ I was informed by a perſon of 
credit that he knew a woman who was deaf, yet could diſtinctly 
hear any words that were, ſpoken while a drum was beating in 


the chamber: and that her huſband on that account kept a 


drummer for his ſervant, that he might thus hold converſations 
with his wife. I have been told likewiſe of a perſon who was 
ſomewhat deaf, who, living in the neighbourhood of a belfry, 
could diſtinctly hear any one ſpeaking, while ſeveral bells were 
ringing together, but not at any other time. 

Albſciſſo muſeulo {proceſſus majoris mallei] in recenti aure, relau- 


alur [tympani membrana. ]J—« When the muſcle is cut out 


(the proceſs of the larger malleus) in a freſh ear, the membrane 


of the /ympanum is flackened.” —/alſalv. de Aur. Hum. c. 2. 
ſet. 5. 

Upon conſidering the great difference in authors“ opinions 
about the uſe of the parts, and manner how hearing is performed, 
as alſo what a curious proviſion there-is made in the ear, by the 
four little bones, the muſcles, membrane, e. I was minded 
(fince I penned this note) to make inquiry myſelf into this 
part, and not to rely upon authority. And after a diligent 
ſearch of various ſubjects, I find we may give as rational and 
eaſy an account of hearing, as of ſeeing, or any other ſenſe ; as 
I have ſhewn in my laſt cited note (d), book vii. chap. 2. with 
relation to birds. And as to men and beaſts, the caſe is the 


ſame, but the apparatus more complex and magnificent, For 


whereas in birds, the auditory nerve is affected by the impreſſions 
made on the membrane, by only the intermediacy of the collumelia z 


em m. of Tub a 1593 
miniſtring to this ſenſe of hearing, which muſt not 
be paſſed by; and that is, the branches of one of 


in man, it is done by the intervention of the four little bones, 
with the muſcles ating upon them ; his hearing being to be ad- 
juſted to all kinds of ſounds, or impreſſions made upon the mm- 
brana tympani. Which impreſſions are imparted to the auditory 
nerve, in this manner, viz. Firſt they act upon the membrane and 
malleur, the malleus upon the incus, and the incut upon the os or- 
biculare and flapes ; and the flapes upon the auditory nerve: for 
the baſe of the /apes (the ſame as the operculum in birds) not 
only cover the ſeneftra. ovalis, within which the auditory nerve 
lieth, but hath a part of the auditory nerve ſpread upon it too. 
It is manifeſt that this is the true proceſs of hearing ; becauſe if 
the membrane be moved, you may fee all the bones move at the 
ſame time, and work the baſe of the faper up and down in the 
feneftra ovalit, as I ſhewed in this chapter, note (d), —_— | 
the mole 3 and as it may be oye Rs any ound 2 
1 parts remain in ſitn. 

( I do not contabthe lub to the canales Suleitralatbg; 
or any other part, as the elder anatomiſts ſeem to have done, who 
by their erroneous and blind deſcriptions ſeem not well to have 
underſtood theſe parts; but with thoſe much more curious and 
accurate anatomiſts, Monfieur de Vernay, and Dr. Yalſalva ; un- 
der the labyrinth, I comprehend the canaler femicircularee, and 
the corbea, together with the nnn cavity, called by 
them the vgffibulumn. 

(x) In the /emlcircular canliv, two things deſerve to be noted. 
1. That the three canals are of three different ſizes, major, m- 
nor, and minimur. 2. Althongh in different ſubjects, they are 
frequently different; yet in the ſame ſubject they are conſtantly 
the ſame. The reaſon of all which, together with their uſes, 
Valſalva ingeniouſly thinks is, that as a part of the tender auditory 
nerve is lodged in theſe canals, ſo they are of three ſizes, the 
better to ſuit all the variety of tones; ſome of the mals ſuiting 
ſome, and others, other tones. And although there be ſome 
difference as to the length and ſize of theſe cavals, in different 

vor. ls 0 | perſons ; 
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the auditory nerves (y), ſpread partly to the muſcles 
of the ear, partly to the eye, partly to the tongue 
and inſtruments of ſpeech, and inoſculated with 
the nerves to go to the heart and breaſt, By 
which means there is ati admirable and uſeful con- 
ſent between theſe parts of the body ; it being na- 
tural for moſt animals, upon the hearing any un- 
couth ſound, to erect their ears, and prepare them 


perſons; yet, left there ſhould be any diſcord in the auditory or- 
gans of one and the ſame man, thoſe canals are always in exact 
conformity to one another in one and the ſame man. V. Val- 
fal. ubi ſupr. c. 3. ſet. 3. and c. 6. ſect. 4. 9. 6 
(y) Hie Poſterior nervus extra cranium delatur, in tres ramos 4 
viditur, ui omnes motibus patheticis—inſerviunt. Primus-—muf- 
eulis auris. impenditur. Proculdubio hujus actione efficitur, ut anima- 
lia quevis, à ſubito ſoni impulſu, aures, quaſi ſonum nimis citò tran- 
ſeuntem captaturas erigant. Ramus alter——verſus utrumque oculi 
angulum furculos emittit : qui muſculis palpebrarum attollentibus in- 
ſeruntur ; quorum certè munus eft ad. ſubitum ſoni appulſum oculor 
eonfeſtim aperire, eoſque velut ad excubias vocare. Tertius—-ramus 
werſus lingue radicem deſcendens, muſculis u & offee, hyoeideos di- 
firibuitur, adebque organa quedam wocis edende attuat, c. — 
This laſt nerve paſſing without the ſkull, is divided into three 
branches, which are all ſubſervient to ſympathetic motions. The 
* Firſt of them is connected with the muſcles of the ear, and by its 
2 0 all animals, upon any ſudden impulſe of ſound, erect their 
as if to catch at it while quickly paſſing over them. Tho 
end branch ſends out little fibres towards the corner of each 
eye, which are inſerted in the muſcles that raiſe the eye-lids, 
and it is certainly their office to open the eyes upon a ſudden 
| impulſe of ſound, and as it were ſummon them to be upon the 
watch. The third branch, deſcending towards the root of the 
tongue, is diſtributed in its muſcles and in thoſe of the or 
hyoeides, and ſo actuates ſome of the organs of ſpeech.” — 
illi“ Cereb. Anat. c. 17. 
ro 
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1 part of the euperior mazillary bone to which it ts u 
Fig. 3. The interior parts of the Zar. 4 the malleus. d the incus.c the Membrana Gn 
be. re Kunnduan tube covered by part off. ne muscudiuus circumflerus nulum 1. 2.3, 
ne three Semicireular canals. 4 The veettble. S. the . 
un pair of Nerves. 7 The Glands that secrote the Hun. wa. 
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to catch every ſound; to open their eyes (thoſe 
conſtant faithful centinels) to ſtand upon their 
watch; and to be ready with the mouth to call out, 

or utter what the preſent occaſion ſhall dictate. 
And accordingly it is very uſual for moſt animals, 
when ſurpriſed and amd en nia May pre- 
ſently to ſhriek and cry out. | 

But there is beſides this, in man, another great 
uſe of this nervous commerce between the ear and 
mouth ; and that is, (as-one of the beſt authors on 
this ſubject expreſſeth it (z),) © That the voice 
% may correſpond with the hearing, and be a kind 

of echo thereof, that what is heard with one of 
the two nerves, may be readily N with 
5 the voice, by the help of the of 

Thus much ſhall ſuffice to have ſpoken concern- 
ing the organ. Let us, 

II. Take notice of the object of this admirable 
ſenſe, namely ſound ; and ſo conclude this chapter, 
I ſhall not here enquire into the nature and proper- - 
ties of ſound, which is in a great meaſure intricate, 
and hath puzzled the beſt naturaliſts : neither ſhall 
I ſhew how this admirable effect of the divine con- 

No trivance, may be improved to divers uſes (aa) and 


ee 


(2) ne ner vorum conformatio in homine uſum alium in- 
Sgniorem prgſlat, nempe ut vox, Ce. —“ A ſimilar conformation 
of nerves in the human body has another more remarkable uſe, 
namely, that the voice may correſpond, &c.”%—Hillir, ibid. 

(aa) Among the uſes to which the wit of man hath em- 
ployed ſounds, we may reckon the inſtruments uſeful in convo- 
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purpoſes in human life; but my buſineſs will be to 
ſhew that this thing, of ſo admirable uſe in the 


eating aſſemblies, managing armies, and many other occaſions, 
wherein bells, trumpets, drums, horns, and other founding inſtru- 
ments are uſed; the particularities of which it would be tedious 
to recount : as that the biggeſt bell in Europe is reckoned to be 
at Erfurt in Germany, which they ſay may be heard twenty-four 
miles 5 with much more to the fame purpoſe. I ſhall therefore 
ouly for a ſample take notice of the ſpeabing-trumpet ; the inven- 
tion of which # commonly aſcribed to our eminent fir Samart 
Morland ; but was more probably Ath. Kircher's 3. at leaſt he 
had contrived ſuch an inſtrument, before fir Samwe/ hit upon his, 
Kirther in his Phonerg. faith, The roma publiſhed laſt year in 
England, he had invented twenty-four years before, and/pubMhed 
in his Myſurgiaz that Zac, Mbanus Ghibbefrus and Fr. Efehin- 
ardus aſcribe it to him; and that G, Schottus teſtifieth he had 
ſuch an inſtrument in his chambet i in the Roman college, with 
which he could call to, and receive anfwers from the porter. 
And confidering how famed Alewurider the Geary tube was, 
which is faid might be heard 100 fadn, it is ſomewhat ſtrange 
that nobody ſaoner hit upon the invention, Of this fentorophed 
i born of Alexander, there is a figure preſerved in the Patican, 

which for curioſity ſake, I have from Mircber 2 in 
Plate Ly ſig. 6. He ſaith its diameter was five cubits, and yy 
it was fuſpended. on a ſupporter. , ' 11 

For the make of the /peaking, trumpet, and the * whe a 
magnifies founds, I ſhall refer to Kircher ; eſpecially | to fir Sa- 
mue ! Morland#'s tuba fientorophonica, publiſhed in 76%. 

 Kircher faith, he took one of theſe trumpets of fifteen palms 
length, along with him to the Mons Euſtachianur, where he con- 
vocated 2200 perſons to prayers, by means of the unuſual ſound, 
at two, three, four, and five Itaſias miles diſtance, See Plate = 
fig. 7. 

With theſe bellowing-trampets, I ſhall join ſome bellmwing-caver 
for the reader's diverſion, O.. Magnus deſcribes a cave in Fin- 
land, near Vilurg, called Smellen, into which, if a dog, or other 


living creature be caſt, it ſends forth ſo dreadful @ ſound, that it 
* Knocks 
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animal world, is the work of God. And this will 
appear, let the ſubject matter of ſounds be what it 
will; either the atmoſphere (bb) in groſs, or the 

etherial 


knocks down every one near it. For which reaſon they have 
the cave with high walls, to prevent the miſchiefs of its 
noiſe. Vide Ol. Magn. Hiftor. I. 11. c. 4. Buch another Peter 
Martyr ſaith js in Hiſpaniola, which, with a ſmall weight caft 
into it, endangers deafneſs at five miles diſtance. And in Sit- 
zerland, Kircher ſaith, in the cucumer-mountain is a pit that ſends 
out both a dreadful noiſe and a great wind therewith ; and that 
there is a well in his country 3000 palms deep, whoſe ſound is 
equal to that of a great gun. Vide Kirch. Phonurg,  _ 
Ol. Magnus ſpeaking of the vaſt high mountains of a nor- 
thern province, called Angermannia, ſaith, Ub; baſes corum in 
profundiſſimo gurgite flantes, caſu aliquo, vel propyſito naute acceſ- 
ferint, tantum horrorem ex altd fluduum collifcone percipiunt, ut niſ 
precipiti remigio, aut valido vento evaſerint, ſolo pavore fer? exani» 
mes fiant, multoque dierum curriculo, ob capitis turbationem, priſting 
mentis, & ſanitatis compotes vir evadant, Hahent baſes illorum 
montium in ſtuctuum ingreſſu & regreſſu tortuoſys rimas, five ſeilſurac, 
ſatis flupendo nature opificio ſabricatat, in quibus longd voragine 
formidabilis ille ſonitus quaſi ſubterrancum tonitru generatur.— © If 
any ſailors ſhould chance to approach the baſes of thoſe moun- 
tains which ſtand in the midſt of a deep gulph, they are ſtruck 
with ſuch horror from the prodigious daſhing of the waves, that 
unleſs they eſcape by quick rowing, or by the wind favouring 
them, they become {typified with fright, and ſcarcely recover 
their ſenſes or formgr health, The baſes of thoſe mountains 
have many winding cavities, ftupendouſly formed, from whoſe 
deep receſſes iſſues a dreadful ſound like ſubterraneous thun- 
der.” —0l, Magn. I. 2. c. 4, See alſo chap. 12. 
(.) That the air is the ſubject, or medium of ſound, is ma- 
nifeſt from the experiments in rarefied and condenſed air. In 
an unex hauſted receiver, a {mall bell may be heard at the 
_ diſtance of ſome paces ; but when exhauſted, it can —_— 
FR . 0 3 - | 2 
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ætherial part thereof, or ſoniferous particles of bo · 
dies, as ſome TG or whatever elſe the philoſo- 

phers 


ee eee i e he cnncactich; the 
ſound will be louder, proportionably to the compreſſion or 
quantity of air crouded in, as I have often tried myſelf, and may 
be ſeen in Mr. Hawhſbee's curious experiments, p, 97. Alſo. 
his experiments in Phil. Tranſ. No. 321. 

Neither doth this ſuegeed only in forced rarefaRtions and 
condenſations of the air, but in ſuch alſo as are natural; as is 


. evident from David Fredlichius in Farenius, upon the higheſt 


eminencies of C. athuq, near Ke -ſmarckt in Hungary. The tory | 
of Frediichius is this, Ego menſe Junii 1615. tum adoleſcent, ſub: 
limitatem horum montium, cum duobus comitibus ſcholaribus, experiri 


volent, ubi, cùm in prime rupis vertice, magno labore, me ſummun 


 derminum aſſecutum efſe putarem, demum ſeſe obtulit alia multo altior 


cauter, ubi pervaſla eaque vacillantia ſaxa (quorum unum, ff loco d 
wviatore dimovetur—aliquot centena——rapit, & quidem tanto cum fra- 
gore, ut ill metuendum fit ne totus mont corruat, eumque obruat) 
enixus efſem, iterym alia ſublimior prodiit, &c. donec ſummo vite pe- 
riculo ad ſupremum cacumen penetraverim. Ex declivioribus mon- 
tibus cùm in ſubjectas valles,—nil niſi obſcuram noctem, aut ceruleum 
quid, inflar profundi atris, quod vulgs nudum celum appellatur, ob- 
ſervare potui mihique videbar, fi de monte caderem, non in terram, 
fed red in cælum me prolapſurum. Nimia enim declfoitate, ſpecies 
viſbiles extenuate & hebetate ſuerunt. Cum verd q altiorem montem 
peterem, quaſi intra nebulas denſiſimas herebam—Et cum non procul | 
a | ſummo pertice efſem, de ſublimi quieſcens proſpexi & anjmadverti 
iis in locir, ubi mibi antea videbar intra nebulas hefiſſe, compaBas at- 
que albas ſeſe movere nubes, ſupra quas, per aliquot milliaria, & ul- 
tra terminos Sepuſi commodus mihi proſpectus patuit. Alias tamen 
etiam nubes altiores, alias item humiliores, necnon quaſdam equaliter 2 
terrd diſtantet vidi. Atque bine tria intellexi, 1. Me tum tranfe 
wviſſe principium mediæ aeris regionis. 2. Diſtantiam nubium d terra, 
non efſe equalem. 3. Diſtantiam nubium——non 72 mill. Ger. ut 
quidam—ſed tantum dimidiatum mill. Ger. In ſummum montis ver- 


licem cùm per veniſſem, adeò tranguillum & ſubtilem atrem ibi offends, 
ö ut 
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phers may think ĩt. For who but an intelligent being, 
what leſs than nenn and infinitely wiſe 
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ut n? pili quidem motum ſentirem, cùm tamen in depreoribur 
vehementem expertus ſim 7 unde collegi fummum cacumen iſlius | 
Carpathici ad mill. Ger. d radicibus ſuis imis exſurgere, & ad ſus 
premum uſque ac ris regionem, ad quam venti non aſcendant, pertins 
gere. Exploſs in ea ſummitatc ſclopetum : quod non majorem ſoni- 
tum primg pre ſe tulit, quam ff ligillum vel bacillum confregiſſem'; 
Paſi interwallum autem jemporis murmur prolixum invaluit, inſeri- 
oreſque montis partes, convalles & ſylvas opplevit. Deſcendenda 
per nives annoſas intra convalles, cùm iterum ſelopetum exonerarem, 
major & horribilior fragor, quan ex tormento capaciſſimo inde exo« 
riebatuy : hint werebar ne totus mans concuſſus mecum corrueret : 
duravitque hic ſonus per ſemiquadrantem hore uſque dum abſtruſiſſi- 
mas cavernas penetrdfſet, ad quas abr undigue mullipliratus reſiliit.— 
In his celfis montibus, plerumgue ningit grandinatve medid eftate, guo- 
ties nempe in ſubjefd £5 vicind planitie pluit, uii bog ipſum expertus 
ſum. Mues diverſorum annorum ex colore & cgrtige duriore dige, 
noſci poſſunt.——** When I was a youth, having in June 1615 a 
defire to explore the height of thoſe mountains, I aſcended to- 
gether with two of my ſchool-fellows ; and when, with much la- 
bour, I had got to the top of the firſt rock, and believed myſelf 
at the ſummit of all, there appeared another much higher, and 
covered with large and looſe ſtones, any one of which being 
moved, would carry ſome hyndreds along with it, with ſuch a 
noiſe as if the whole mountain were tumbling. Having gained 
this aſcent, another and another ſtill appeared; till at length, 
with infinite labour and imminent danger of my life, I reached the 
top of all. When from theſe aſpiring cliffs I looked down into 
the valleys below, the appearance was like that of dark night, or 
like that deep blue expanſe of air which we call the ſky: and I 
thought that if I ſhould fall, I ſhould drop into the ſky, and not 
down to the earth : for the viſible objects from the prodigious 
height were totally blended and confuſed in one yndiſtinguiſhed 
| — But having aſcended yet a higher mountain I came into 
* a and there e Gay t » lie e e 
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God could contrive, and make fuch a fine body, 
ſuch a medium, fo ſuſceptible of E 


© fummit, T looked around me and obſerved the denſe white douds 


in motion below, and over theſe I had a clear and moſt exten- 
five proſpect for many miles beyond the boundaries of the coun- 
try of Sepuſum. I faw likewiſe ſome clouds higher, ſome ' 
lower, and ſome in the middle ſpace between me and the earth, 
And hence I drew three concluſions. 1. That T had paſſed 
the beginning of the middle region of the air, 2. That the 
diſtance of the clouds from the earth is not always the ſame. 
3. That their diſtance is not, as ſome have aſſerted, about 72 
German miles, but only half a German mile from the earth. 
When I had come to the top of the mountain, I found the 
air ſo tranquil and ſo ſubtile, ag not to give motion to a hair, 
although in the lower regions J had found the wind very high 
whence I concluded that the higheſt ſummit of mount Carpa- 
thus riſes about a German mile from its baſe into the upper re- 
gion of the air, where the winds never reach. I fired a piſtol 
upon the top, which at firſt made no greater noiſe than if I had 
broken a fmall ſtick ; but after a while there was a long continued 
murmur from below, riſing from the valleys and the woods 
which coyered the lower part of the mountain, On eoming 
down through the old beds of ſnow into the valleys,” T fired an- 
other piſtol, and there enſued a great and horrible noiſe, as from 
the largeſt cannon,ſo that I was afrgid the whole monntain would 
have fallen upon me ; and this ſound laſted for half a quarter of 
an hour, till it had penetrated into the innermoſt eaverns, hence 
it was echoed back in every direction. On theſe high moun- 
tains it generally hails or ſnows at midſummer, whenever there 
is rain in the lower regions, as I found by experience. The 
ſnows of different years may be diſtinguiſhed by their colour 
and more indurated ſurface.” — Yaren. Georg. Gen. l. i. c. 19. 
prop. ult, = 
The tory being diverting, and containing divers things re- 


markable, I have choſen to note the whole of it (although ſome- 


wer wer) race than . our the pan ear which mne 
ig 
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that the ſenſe of hearing hath occaſion for, to em- 
pouer all animals to expreſs their ſenſe and means 
ing to others; to make known their fears, their 
wants, their pains and ſorrows in melancholic 
tones; their joys and pleaſures in more harmonious 
notes; to ſend their minds at great diſtances (cc), 

= 


to the diminiſhiog the ſound of his piſtol, by the rarity of the air 
at that great aſcent into the atmoſphere ; and the magnifying 
the ſound by the polyphoniſms or repercuſſions of the rocks, 
gaverns, and other phonocamptick objects below in the mount. 

But 'tis not the air alone that is capable of the impreſſions 
of ſound, but the water alſo, as is manifeſt by ſtriking a bell un- 
der water, the' ſound of which may plainly enough be heard, 
but it is much duller, and not ſo loud; and it is alſo « fourth 
deeper, by the ear of ſome great judges in muſical notes, who 

me their judgments in the matter. But Merſenne ſaith, a 

und made under water, is of the ſame tone or note, if beard 

under water; as are alſo ſounds made in the air, when hea whe 
der water. Vide Merſen, Hydraul. 

Having mentioned the hearing of ſounds under water, there is | 
another curioſity worth mentioning, that alſo farther proves was 
ter to be ſuſceptible of the impreſſions of ſound, viz. Divers at 
the bottom of the ſea can hear the noiſes made above, only con- 
fuſedly. But, on the contrary, thoſe above cannot hear the di- 
vers below. Of which an experiment was made, that had like 
to have been fatal: one of the divers blew an horn in his diving» 
bell, at the bottom of the ſea; the ſound whereof (in that com- 
preſſed air) was ſo very loud and irkſome, that it ſtunned the diver, 
and made him ſo giddy, that he had like to have dropt gut of his 
HEE IE IO Vide Sturmis Colley. Cur, vol. ii, 

entam. I. 


(cc) As te the diſtance to which ſound may be ſent, having 
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in a ſhort time (dd), in loud boations; or to ex- 
preſs their thoughts near at hand with a gentle 
voice, 


thern and ſouthern parts, by the favour of my learned and illuſ- 
trious friend fir Henry Newton, her late majeſty's envoy at Fle- 
yence, I procured ſome experiments to be made for me in [taly. 

His ſerene highneſs the Great Dube was pleaſed to order 
great guns to be fired for this purpoſe at Florence, and perſons 
were appointed on purpoſe to obſerve them at Leghorn, which 
they compute is no leſs than 55 miles in a ſtrait line. But not- 


| withſtanding the country between being fomeyhat hilly and 


woody, and the wind alſo was not favouring, only very calm and 
till, UA the found was plainly enough heard. And they tell 
me, that the Zeghorn guns are often heard 66 miles off, at Porto 
Ferraro ;, that when the French bombarded Genoa, they heard 
it near Leghopn, go miles diſtant ; and in the Meſſina inſurre&ion, 
the guns were heard from thence as far as Augu/fa and Syracuſe, 


about too /talian miles. Theſe diſtances being ſo conſiderable, 


give me reaſon to ſuſpect, that ſounds fly as far, or nearly as far, 
in the ſouthern, as in the northern parts of the world, notwith- 
ſtanding we have a few inſtances of ſounds reaching farther 
diſtances. As Dr, Hearn tells us of guns fired at 8tochholm in 
1685, that were heard 180 Engl/h miles. And in the Dutch 


war, 1672, the guns were heard above 200 miles, Vide Phil. 


Tranſ. No. 113. Alſo there is this farther reaſon of ſuſpicion, 
that the mercury in the barometer riſeth higher without than 
within the tropics, and the more northerly, {till the higher, 


which may increafe the ſtrength of ſounds, by note (bb). 


(dd) As to the velocity of ſounds, by reaſon the moſt cele- 
brated authors differ about it, I made divers nice experiments 
myſelf, with good inſtruments ; by which I found, 1. That 
there is ſome, although a ſmall difference in the velocity of 
ſounds, with or againſt the wind: which alſo is, 2. Augmented 
or diminiſhed by the ſtrength or weakneſg of the wind, But 
that nothing elſe doth accelerate or retard it, not the rat 


* 
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voice, or in ſecret whiſpers! And, to ſay no more, 


who leſs than the ſame moſt 'wiſe and indulgent 


Creator, could form ſuch an-ceconomy, as that of 


melody and mpſic is; that the medium ſhould (as I 


ſaid) fo readily receive every impreſſion of ſoun 
and convey the melodious vibration of every muſi 
ſtring, the harmonious pulſes of every animal voice, 
and of every muſical pipe; and the ear be as well 


adapted, and ready to receive all theſe impreſſions, 


as the medium to convey them: and laſtly, that by 
meang of the curious lodgment, and inoſculations of 


the auditory nerves before-mentioned, the orgaſms 


of the ſpirits ſhould be allayed, and perturbations 
of the mind in a great meaſure quieted and ſtil- 


led (er); or to expreſs jt in the words of the laſt- 


of day or night, heat or cold, ſummer or winter, cloudy or clear, 
barometer high or low, &c. 3. That all kinds of ſounds have 
the ſame motion, whether they be loud or languid, of bells, guns, 


great or ſmall, or any other ſonorous body. 4. That they fiy 


equal ſpaces in equal times. Fifthly and laſtly, That the mean 


of their flight is at the rate of a mile in nine half ſeconds and a 


quarter, or 1142 feet in one ſecond of time. Vide Phil, Tranfe 


(ce) Timathers a muſician could excite Alexander the Great to 
arms with the Phrygian ſound, and allay his fury with another 


tone, and excite him to merriment. So Ericu king of Den- 
mark, by a certain muſician, could be driven to ſuch a fury, as to 


kill ſome of his beſt and moſt truſty ſervants. More of this 
power of muſic over the affeftions may be ſeen in Arh. Kireh. 
Phonurg. I. 2. ſe&. 1. Alſo in If. Faſſur de Potmatum cantu, 
& Rythmi uiribus. | 


And 
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And not only upon the alecllos but wo the ,parts of 
the body, muſic is able to exert its force, as appears from the 
Gaſeoign knight, Cui phormingis ſono audito vefica flatim ad uri- 
nam ndam wellicabatur—5* Who at the ſound of a bagpipe 
ſelt an irritation of the bladder provoking him to make water. 
Buch another we have in No. 1. Ephem. Nat. Curiaſ. Obſerv. 
134. Alſo Morbof de Scyph. witr. per cert. human. vocis ſonum 
frado : where there is not only the account of the Dutchman at, 
Amſterdam, one Nich. Peter, that brake Roman glaſſes with the 
found of his voice; but alſo divers other inſtances of the powers 
and effefts of ſouud. But to the ſlory of the Gaſcoign knight, 
Mr. Boyle, from Scaliger, adds a pleaſant paſſage, That one he had 


F 


diſobliged, to be even with him, cauſed at a feaſt, a bagpipe to be 


ed, when he was hemmed in with the company; which-made 
knight be-piſs himſelf, to the great diverſion of the com- 
pany, as well as confuſion of himſelf, Boyle's Eſay of the Effe# 


Lang. Motion. In the ſame book are other matters that may 
de noted here. One whoſe arm was cut off, was exceedinghx 
| tormented with the diſcharge of the great guns at ſea, although 


he was at a great diſtance on land. And a great ſhip- com- 
mander obſerved his wounded ,men, with broken limbs, ſuf, 
fered in like manner at the enemies diſcharges, An ingenious 
domeſtic of his own would have his gums bleed at the tearing 
of brown paper. And a gentleman of Mr. Boyle's acquaint- 
ance confeſſed to him, that he was inclined to 2 bnight 


of Gaſcoign's diflemper, upon hearing the noiſe of a tap running. 
| The dancing to certain tunes, of perſons bit with the tarantula, 


he was aſſured of by an ingenious acquaintanee at Tarentum, 


who ſaw ſeveral, amongſt the reſt a phyſician, affeted with that 


diſtemper. And many other accounts of this kind, ſeemingly 
credible, are related in Morhof, Kircher, and many others; al- 
though Dr. Cornelio queſtions the matters of fact relating to 


the 


„ 
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« vive relief to the grief and ſadneſs of the heart; 
F which 


» e111 21 | 66 Urs 
on i 
ee Non No: 85. - Me, 
Boyle alſo ſaith, a, ſober muſician told him, mp ary » hr 
tain woman weep, by playing one tune, which others would be 
little affected at; And he faith, that he himſelf had 4 kind of 
ſhivering at the repeating two verſes, in Lucan, And I add, 
that I very well know one to have a ſort of chill about his pres 
cordia and head, upon reading or hearing the 53d chapter of 
1ſniah ; e lamentations: for Saul and JOBS 
1 Sam. i Bill b 
. abide nt oles cory inliacd with 
ſounds, but ' inanimate bodies are fo alſo. Of which many 
ſtories may be met with in Kircher, particularly a large ſtone that 
would tremble at the found of one particular organ- pipe; in 
MorhofF alſo, who among many other relations hath this, Me- 
mini cum ipft Tclariſ. Willifio] de experimento vitri per vocem ſratti 
narrarem, ex eo audiviſſe, quod in edibur muſicis ſibi vicinis aliquo- 
ies collapſum pavimentum fuerit ; quod ipſe ſonis continuis adſeribere 
Hon dubitavit.-® | remember when I was telling him (Dr. Wil- 
lis) of the experiment of breaking a glaſs by a man's voice, he 
informed me that he obſerved in a muſic-hall in his neighbour- 
hood, the pavement fallen in, which he attributed to the repeated 
force of the ſounds.” —Morhof. cap. 12. Merſenne alſo, among 
many relations in his Harmon. and other books, tells a far more 
probable ſtory, of a particular part of a pavement; that would 
ſhake, as if the earth would open, when the organs played, than 
_ he relates about antipathy, in his Dueft. Comment in Gemeſo 
That the ſound of a drum made of a wolf's ſkin, will break 
vital made of ſheep's ſkin : that hens will fly at the ſound of 
an harp ſtrung with fox-gut ſtrings, and more to the ſame pur- 
poſe. Mr. Boyle alſo, in his laſt cited book, tells us, ſeats will 
tremble at the ſound of organs; and that he hath felt His liat to 
* ſo tos — his hand, at certain notes both of organs, and 
| in 


206 oy Wend. . 10 
& are excited in the breaſt hy an immoderate fer. 
4 ment, and fluctuation of the blood“ 

And now, who can refle& upon all this curious 
apparatus of the /en/e of hearing, and not give 
the great Creator his due praiſe! Who can furvey 
all this admirable work, and not as readily own it 
to be the work of an dia and infinitely 

'y vile 


in diſcourſe ; that he coed an arch that wal wet to C e, 
and had done ſo an 100 years; and that an experieneed builder 
told him any well-built vault will anſwer ſome determinate note. 
And at Zaſtbury-houſe near Barking, 1 myſelf diſcovered the 
porch, (having firm brick-walls,) not only to ſound when ſtruck 
an the bottom, but alſo to give almoſt as loud a ſound, when L 
ſounded the ſame note with my voice *. 
(J) Willis, ubi ſupta. 


— — 8 


* Every ſubſtance whatever, whoſe parts are ſo connected as 
to be capable of an uniform vibration, may have that vibration 
produced in it by the ſounding of a certain muſical note or tone 
with which it is in uniſon. Even liquids, when ſo ſuſpended as 
to be capable of vibration, (as for example water un a  glaſs,) are 
obſerved, not only to vibrate when a particular note is ſtruck or 
ſounded, but actually ſound themſelves in concord. That water 
ſuſpended in a glaſs becomes actually itſelf a ſonorous body, is 
proved by the mode of tuning a ſet of muſical glaſſes, which be- 
come the deeper in tone, the more water is poured into them; 
for if it was only the empty part of the glaſs that ſounded, the 
ſound would be the more acute, the more water was poured in. 
But as the contrary holds true, it is thence evident that the 
water and glaſs together form one uniform ſonerous ſubſtance, 
of which the greater the quantity or volume, the deeper is its 
muſical tone. Evitor. 
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| wiſe and good GOD (2g), as the moſt artful melo. 
dies we hear, are the voice or performances of. a 
living creature 


(gg) Il. Deus eft—qui non calamo tantim cantare, & agreſfle 

atque inconditum carmen ad aliquam tantim oblectationem modu- 
lari docuit, ſed tot artes, tot vocum warietater, fot ſonos, alios ſpiritu 
noſtro, alios externo cantu edituros commentus g.. He indeed is 
Gop—It is he who, not only has taught the uſe of inſtruments 
and the fill of muſical ſounds; but has framed the utmoſt variety 
of voices and of ſounds ; the author of every art,” — Sencc. de 
TY 1 HA Den i 18 1 
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u- See of Smellngs 


Hs lenle 1 ſhall diſpatch in leſs gabe chan | 

the two laſt, becauſe its apparatus (although 
ſufficiently grand and admirable, yet) is not ſo 
multiplicious as of the eye and ear; it being ſuffi- 
cient in this ſenſe, that the odoriferous effluvia of 
bodies (a) can have an eaſy, free paſſage to the 
olfactory nerves, without the formalities of refrac- 
tions, and other preparations neceſſary to the per- 
fection of the two former ſenſes. Accordingly, 
the all-wiſe Creator hath made ſufficient- proviſion 
for the reception of ſmells, by the apertures of the 
noſtrils (6); made not of fleſh, or bone, but carti- 
laginous 


(a) A piece of ambergreaſe ſuſpended in a pair of ſcales, 
that would turn with a very ſmall part of a grain, loſt nothing 
of its weight in three days and half; neither did afa afetida in 
five days and half: but an ounce of nutmegs loſt five grains and 
half in ſix days; and cloves {even grains and . 
Boyle's Subtil. of Efſluv. c. 5. 

(b) Narres, ed quod omnis odor ad ſuperiora fertur, red ſurſum 
ſunt : Et quod cibi & potionis judicium magnum earum eft, non fine 
cauſd vicinitatem oris ſecute ſunt,—* The noſtrils are rightly 
placed upwards, as all ſmells aſcend : and they are placed in 
the neighbourhood of the mouth, becauſe they are of infinite 
uſe in the diſcrimination of meats and drinks. —Cic. de Nat. 


: OA TRE 
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hginous, the better to be kept open, and withal, 
to be dilated or contracted, as there is occaſion: 
for which ſervice the noſe hath n proper: and 
curious muſcles (c). , 
And foraſmuch as it is by breathing (d), that 
the odorant particles are drawn in, and conveyed 
to the ſenſory ; therefore there is a very wiſe pro- 
viſion made in the lamina, with which the upper 
part of the noſe is barricaded, which ſerve to two 
excellent uſes : partly, to fence / out any noxious 
ſubſtances from entering the breathing pallghs in in 
our ſleep, or when we cannot be aware (e); 
partly, to receive the divarications of the Ry 
nerves, which are here thick ſpread, and which do 
by theſe means meet the ſmells entring with a 
breath and ſtriking upon them, N t 


(9) Had not the teen e Halen beide enn mec 
that his work ſhould have all the ſignatures of accuracy, this 
ſenſe might have been performed with a bare aperture of the 
noſe ; but that nothing might go imperfe& out of his hand, he 
hath made a part of the noſe eaſily moveable, and given a ſet of 
muſcles to lift up, and open and nenn been 
it to every occaſion of this ſenſe. 

(ad) Oderem non aliud, gudm inſidum atra, d, poſh, — 
«We underſtand that odour proceeds from nothing el ele than 
talked ir," <P, Nat. Hift. l. 9. c. 7. 

(e) For a further guard againſt the ingreſs of noxious 
ings: the vibriſf, or hairs placed at the entrance of the 
noſtrils ſerve, which, in ſome meaſure ſtop the entrance of 
things improper, or, however, give warning of them; but 
at the ſame time allow an eaſy paſſage to the breath and 
odours, 

vol. 1, E And 
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And accordingly, the more accurate this ſenſe is 
in any animal, the longer we may obſerve thoſe 
laminæ are; and more of them in number folded 
up, and crowded together, to contain the more 
nervous filaments, and to detain and fetter the 
odoriferous particles in their windings and turnings. 
. And an admirable proviſion this is, which the 
great Creator hath made for the good of brute 
creatures (7); the chief acts of many of whoſe 
lives are performed by the miniſtry of this ſenſe. 


) Molto preclarius emicat [olfaftus] in brutis animalibur, 
quam in homint : iſa namgue hoe ſolo indice, herbarum, aliorumque 
 corporum fprias ignotorum virtutes ceriiſſimè dignoſcunt, quin & 
vittlum ſuum abjentem, vel in alſiruſo poſitum, odoratu venantur, ac 
facillime moeſligunt. Qudd autem minus ſagaces ſunt hominum na- 
res, illud non facultatis hyjus abuſui (prout nonnulk valunt } aferibs 
debet, verùm in caurd oft ipfius organi defettus : hoc enim circa vitths 
humani. criteria (ubi ratio, & intelle@us adſunt ) non ita accutatum 
requiritur : proptered enim inferiores potentiq, in homine, d natur 
minis perfefte. exiſtunt, 'ut ſuperiorum cultui & exercitio relingueretur 
lacut.— The ſmell is much more excellent in brute, animals 
than in man; for by it alone they diſtinguiſh with certainty 
the qualities of herbs and other ſubſtances with which they 
were before unacquainted ; and hunt out and. diſcover. their 
food wherever jt is concealed. That man is ngt endowed with 
che ſame ſagacity of the noſe, 3s, not to be aſcribed, as ſome 
would have it, to the abuſe of that faculty, but to an inherent 
defect of the organ: for man having reaſon and underſtandin 
to den him ba: no 4b. Top thi 3 ſmell he 
diſtinguiſh his food. On this account too the inferior faculties 
are leſs perfect in man, that there may be more room for the 
exerciſe of his ſuperior endowments.” Willie de Au. Brut 


c. 13. 
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In inſets, and many other creatures, it is of 
great uſe in the propagation of their kind; as 
particularly in helping them t ſafe and conve- 
ient places for the incubation of their eggs, 
and breeding up their young. Others are by 
the accuracy of this ſenſe, of uſe to mankind, 
which would be otherwiſe of little or no 152 77 
And moſt of the irrational animals, birds, beats, 
and creeping things, do, by their lmell, find out 
their food; ſome at great diſtances, and ſome 
at hand. With what ſagacity do ſome diſcover | 
their food in the midſt of mud and dirt (502 
With what curioſity do the herbaceons kind pick 
and chuſe ſuch plants as afford them wholeſome 
food, or ſometimes ſuch as are medicitial (7); and 
refuſe ſuch as would hurt and deſtroy them? 
And all by the help principally, if not. only, of 
the ſmell, aſſiſted by its near ally the tafte.. Of 
which 1 ſhall in the next place ſpeak very briefly. 


(2 Thus the chief uſe of hounds is to hunt ; and other 
dogs, to be a watch and guard to our houſes by night. For 
which ſervices (particularly in hangs) their olfaBory | 72 
are not only remarkably large, 5 as they are in other 
brutes,) but their branches and ents are, in the Jamine 
of the noſtrils, both more and larger than I have ſeen in any 
other creature whatſoever. Alſo there are more convulſions 
of the /amine than I eyer remember to have found in any other 
animal, 
The ſagacity of hounds is prodigious ; of which ſee an in» 
ſtance in book i iv. chap. 11. note (Hh). ; 

(5) See book vii, chap. 2. note (e). 

(i) Vide Plin. Hift, Nat. I. 8. e, 27+, 23 ini pu 
berbas RO 
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N this, as in the laſt ſenſe, we have an apparatus 
abundantly ſufficient to the ſenſe ; nerves cu- 


nioully * diraricated about the tongue (5), and 
| mouth, 


(a) To N itn 13s xd, ke. Saporum g 5 Pin- 
guii, auſlerus, acerbus, acrit, ſalſus, amarus, acidus. “ The dif- 
ferent kinds of taſtes are the ſweet, the fat, the auſtere, the harſh, 
the acrid, the ſalt, the bitter, the ſour.” —Theophr. de Cauſ. Plant. 
I. 6. c. 1. What may be the cauſe of the difference of taſtes, 
he ſaith is hard to aſſign, mo rige yag roi; water, &. Utrum 
affetionibus ſenſuum—an figuris, quibus ſinguli conſlant, ut Demo- 
eritus cenſet. id. ib. Anuizple. , &c. Democritus—dulcem 
ee ſaporem qui rotundus ; acerbum qui figurd magnd ; aſperum 
qui multis angulit, & .— Whether theſe differences are to be 
attributed to the affections of the ſenſes, or as Democritus 
thinks, to the figures of which the ſubſtances are compoſed. 
It is his opinion, that where the figures are round, the taſte is 
ſweet, where they are cornered, the taſte is ſharp, &c.” —19. 
Ib. &c. But of the diverſities and cayſes of taſtes, ſee Dr, 
| Grew, Led. 6. and Dr. Willis de Anim, Brut. c. 12. 

(b) Intellectus ſaporum 90 ceteris in primd lingud : homini, & 
in palato,—** The pr op of taſtes is fituated in the tip of 
the tongue in moſt animals: but in man, it is likewiſe in the 
palate, "—Plin, L 11. c. 37. 

The opinions of anatomiſts concerning the organ of taffe 
are various. Bauhin, T. Bartholin, Bartholette, Veſlinge, Deu- 
Ange, &e. place it in the laxer, fleſhy parts of the tongue: 
our famous Wharton, in the gland at the root of the tongue; 
Laurentius in the thin tunic covering the tongue; but the 
learned Malpight with great probability concludes, becauſe 
the outward cover of the tongue is perforated, under which 
lie papillary parts, (of po Mr. Cowper hath very good 


cuts 


en. v. or THE TASTE: "24 
mouth, to receive the impreſſions of every guſto ;- 
and theſe nerves guarded with a firm and proper 
tegument to defend them from harms ; but withal 
ſo perforated in the papillary eminences, as to 
give a free admiſſion to taſtes. | 

But I ſhall ſay no more of this ſenſe ; only a 
word or two of its conſent with the ſmell, and 


cuts in his Anat. Tab. 13.) that in theſe the taſte lieth. Mal 


| fights words are, Quare cim diftis meatibus inſignibus occurrant 


papillaria corpora, probabilius eft in his ultimo, ex ſubintranti ſabido 
humore titillationem, & mordicationem quandam Heri, que guflum - 
* As we find under theſe pores certain papillary parts, 
it is probable that in theſe lies the ſenſe of taſting, which is 
produced by the ſapid humour entering, and lightly ſtimu- 
lating theſe parts.“ Malpig. Op. tom. 2. de Lingud, p. 18. 
Precipuum ac fer? ſolum guſtatiis organon eft lingua; cui aligua- 
tenus ſubobſcur? tamen palatum, & ſuperior gule pars conſentiunt : 
in omnibus vers fibre nervoſe immediata ſenſionit inflrumenta- ſunt. 
Quare obſervare eft, linguam pre alid qudvis parte inſigniter fibro+ 
fam eſſe, etiam texturd valde porocs conflare, in eum nempe finem, 
ut particule rei ſapide copigſiùs ac penititis intra ſenſorii meatus ad- 
mittantur,—Nervi autem qui Aris lingue denſy/ſime intertextis fa- 
mulantur, ac ſaporum impre/ſiones TW Tew r aio9ningiu communicant, 
ſunt-—Nervi.e paribus tum quinto, tum nono ; & ubig cum densd 
Propaginum ſerie per totam ejus compagem diſtributi,—** The principal 
and almoſt the ſole organ of taſte is the tongue,although the palate 
and the upper part of the throat are in ſome degree ſubſervient, 
But in all theſe the nervous fibres are the immediate inſtrument 
of ſenſe. - On that account we obſerve, that the tongue is much 
more fibrous than any other part, and is of a very porous con- 
texture ; that thus the ſapid particles of the food may be more 
intimately communicated to the paſſages of the ſenſorium. The 
nerves which communicate to the fibres of the tongue are thoſe 
of the fifth and ninth pair, and theſe by various ramifications 
are diſtributed through all its contexture.” —Wilkz, ibid. (See 
Plate C, in book v. c. 8.) 
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the ſituation of them both: their ſituation is, in, 
the moſt convenient place imaginable, for the diſ- 


charge of their. offices; at the firſt entrance (c), 


in the way to the grand receptacle of our food 
and nouriſhment; to. ſurvey what is to be ad- 
mitted: therein; to judge between what is whole- 
ſome, and fit for nouriſhment, and what is unſa- 
voury and pernicious. And for this end, the all- 
wile Creator ſeems to have eſtabliſhed a great con- 
fent between the eye, the noſe, and tongue, by or-. 
dering the branches of the ſame nerves. (d), to 
each of thoſe three parts; as alſo indeed, to divers 


(e) Guftatus, qui ſentire corum quibus veſcimur genera debets 
habitat in ed parte orit, gud efeulentis & potulentis iter natura 
patefecit,—< The ſenſe of taſting, as it ſerves for the diſcrimi- 
nation of our foods, is placed in that part of the mouth where 
the food firſt enters.” —Cic. de Nat. Deor, I. 2. c. 56. Vide 
guog; ſupra, note (5), chap. 4- 

(4) Mulie hujus [quinti Paris] nervi propagines — 
operi deflinantur ; ideoque quoniam alimenta ingerenda nan 
guſlũt, aft etiam olſuctus & wiehs examen ſubire debent, ab 2 
ner vo, cujus rami ad palatum & fauces miſi, manducationis 
negotium peragunt, propagines alis, velut exploratrices, ad naret 
& oculos feruntur, nempe ut iſibæc aliorum ſenſuum organa, 2 
ad objeAa guſtus melius dignoſeenda probationum auxiliis 
inftruantur.—* Several of the branches of the fifth pair — 
nerves are ſubſervient to maſtication: and as the food ought 
not only to undergo the examination of the taſte, but likewiſe 
of the ſmell and of the ſight, ſo from the ſame nerve, whoſe 
branches paſſing to the palate and | fauces, ſerve for: mandu- 
cation ; there are other branches which are ſent to the noſtrils, 
and to the eyes, in order that theſe organs may likewiſe con- 
tribute their aid towards diſtinguiſhing the proper objects of 
taſte,” — Wilks Nerv. Deſcrip. & Ei. c. 23. 1 me ” 


in book v. c. 8.) 
— 
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other parts of the body, which I may have occa- 
ſion to mention in a more proper place (e). By 
which means, there is all the guard that can be, 
againſt pernicious food; foraſmuch, as before it 
is taken into the ſtomach, it is to undergo the trial 
of three of the ſenſes ; the ſcrutiny of the eye, the 
ſtrict ſurveyor of its outwatd appearance; and 
the probation of the ſmell- and taſte; the two 
ſevereſt judges of its natural conſtitution and com- 
poſition. | 
() See book v. chap. 8. 
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CHAP. vl. 
DA 07 the Senſe of Feeling (a). 
p4vino ſpent fo much time upon the other 
ſenſes, and therein given ſuch ample. proofs 


of the. infinite Creator's wiſdom ; I ſhall but briefly 
take 


(a) Malpight is of this opinion, that as taſte is "res by 
the papille in the tongue, ſo is feeling by ſuch like papillg under 
the ſkin, From ſeveral diſſections, and other obſervations, he 
thus concludes, Ex his & fimilibus videbatur animus abunde 
tertior redditus, earundem papillarum pyramidalium copiam, quas 
alias in lingud deſcripſi, in locis precipue acquiſitiort tactui dicatis 
reperiri, eodem progignt nervoſo & cuticulari corpore, ſimulgue cir- 
tumvolvi reticulari involucro, & extiman cuticulam, veluti ultimum 
terminum attingere,— Microſcopio quilibet in maniis dorſo pro ſudore 
orificia quedam miro ordine diſperſa imueri i Pot, circa que fre- 
quentia quedam capitula afſurgunt ; hec vers ſunt papillarum fines, 
dum a cute aſſurgentes interpęſi tum ſuperant rete, ſimulgue extimam 
euticulam. Hae repetitis ſectionibus deprehendi ; ex quibus non im- 
probabiliter deducam, ſicuti ex elatioribus—papillis—in lingud, 
gufiis organon elicitur,—ita ex copiord harum papillarum congerie 
—in organis, ubi maxime animalia tadtus motione afficiuntur,— 
adequatum taths organum ſufficienter haberi.—** From theſe and 
ſimilar obſervations we are abundantly certain, that the ſame 
pyramidal papille, which we have deſcribed in the moſt ſenſible 
part of the tongue, are likewiſe found in the nervous and cu- 
ticular ſubſtance, where they are covered with a reticular or 


netted ſubſtance, and have their termination in the outward 


<uticle,-Any perſon may, with the help of a microſcope, 
perceive upon the back of the hands certain orifices for giving 
vent to the ſweat, diſtributed. in wonderful order, around 
which there ariſe many ſmall heads or points. Theſe are the 
extremities 


en.. vi. OF FEELING, 217 


take notice of two a. nee to this laſt 


ſenſe. 

One is its organ, the nerves. For as all ſenſa- 
tion is performed by the nerves (6), and indeed the 
other ſenſes (performed by nerves) are a kind of 
feeling; ſo is this ſenſe of feeling performed by 
nerves likewiſe, ſpread in the moſt incomparable, 
curious manner throughout the whole body. But 
to deſcribe their origin in the brain, and ſpinal- 
marrow, their ramifications to all the parts; their 
not ulations with one another; and other mat- 


extremities of the papille riſing from the cutic above the ret 

cular ſubſtance, and, the outward cuticle. 'Theſe I have found 
upon repeated diſſections ; whence I conclude with ſome pro- 
bability, that as the taſte is produced by the papille in the 
tongue, ſo the ſenſe of feeling ariſes from the ſame papille in 
* thoſe organs where the touch is moſt acute and ſenſible. 
Malpig. de extern. Tad. Org. p. 26. Conſul, quoq; ejuſd. 
Vit. P. 28. | 

Theſe obſervations of Malpigbi, our late curious and dili- 
gent Mr. Cowper hath confirmed, and given us very elegant 
cuts both of the ſkin, and the papilla, and the nerves, glands, 
Oc. under it, from microſcopical obſervations. Vide Cowper's 
Anat. iutrod. and tab, 4. 

(5) Although the eye be the uſual judge * colours, yet 
ſome have been able to diſtinguiſh them by their feeling. Due 
dam fuit qui venit ad M. Duc. Hetruriæ aulam qui colores per 
 taflum cognoſeebat. Pro experimento velum ſericum, uniformiter 
textum, Q pluribus coloribus tinfum, offerebatur, S veracitèer de 
colore in ſingulis partibus judicabat.—* A certain perſon came 
to the court.of the Duke of Tuſcany who could diſtinguiſh 
colours by the touch. By way of experiment, a ſilk veil wag 
laid before him, which was uniformly wove throughout, but 
dyed with ſeveral colours, and he diſtinguiſhed the colours in 
the different parts with the greateſt accuracy.” Grimald. de 
Lum, & Col. prop. 43. ſed. 9. 

ters j 
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ters; whereby not only the ſenſe of feeling is per- 
formed, but alſo animal motion, and admirable 
conſent and harmony of all the parts of the body 
is effected: (to deſcribe, I ſay, theſe things,) would 
take up too much time, and I have already, and 
ſhall, as I go along, give ſome hints thereof. (See 
Poſtea, book v. c. 8.; and Plate C, with its explana- 
tion.) 
The other thing I ſhall take notice of, is, the 
_ diſperſion of this ſenſe throughout the body, both 
without and within. The other ſenſes, I have 
obſerved, are ſeated in the very beſt place for 
the relief and comfort, the guard and benefit of 
the animal. And foraſmuch as it is neceſſary to 
| the being, and well-being of the body, that every 
part ſhould be ſenſible of things ſafe, or things 
prejudictal' to itſelf ; therefore, it is an admirable 
contrivance of the great Creator, to difperſe this 
ſenſe of feeling throughout every part (c); to dif- 


(e) Tafus autem toto corpore equabilittr fuſus gſt, ut omnes 
ius, omneſque nimios & frigoris, & calorie appulſur ſentire poſe 
ſimut.— The ſenſe of feeling is diffuſed over all the body, 
that we may be ſenſible of every thing that ſtrikes againſt it; 
and likewiſe of the extremes of heat and of cold.” Gir. ubi 
ſupra. 

Tafus ſenſus omnibus eft, etiam quibut nullus affus ; nam E 
reis, & terreflribus vermibus quogtie. Exiſtimaverim omnibus 
ſenſum & guſlatit effe. Cur enim alios alia” ſaporer appetunt ? in 

gu vel precipua Nature architectio.—“ Alf animals have the 
ſenſe of feeling, even thoſe which ſeem to have no other ſenſe, 
as for example, oyſters and earth worms. I ſhould imagine; 
however, that all have likewiſe the ſenſe of taſte; for how; 
otherwiſe, ſhould different animals retiſh different taſtes ?* The 
mechaniſm of Nature is wee. fy in this.” — Plin. Nat. Hift, 


J. 10. 0 71. 


— 
= mn 


7 5 a — 
>. —— FR pms — A n 
Eo . 7 2 
x 
D 0 OW UGG OC WA TORS, OI I re A — — — 
- 


CH. vi. or FEELING, 219 


tinguiſh between pleaſure and pain; things falu- 
tary, and things hurtful to the body. 

Thus in the five ſenſes of animals, we have an 

ceconomy worthy of the Creator, and manifeſtly 
demonſtrating his power, wiſdom, and indulgence. 
For whether we conſider the mechaniſm of the 
organs, or the great uſe and convenience of each 
ſenſe, we find it noble and grand, curious and ar- 
tificial ; and every way worthy of its infinite Ma- 
ker, and beyond the wit and power of any thing 
but a Gop: and therefore we muſt even deny our 
ſenſes, by denying them to be God's handy- 
work. 
And now from thoſe chief mak 
performances and enjoyments, the five ſenſes ; let 
us paſs to another thing in common to all. the 
ſenſitive creatures, which is Reſpiration. 
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CHAP. vn. 
| Of Reſpiration. 


Or an the acts of a u d bb ene af the 


chief, and moſt neceſſary. For whatſoever 


hath animal life, hath alſo the faculty of reſpi- 


ration, or ſomewhat equivalent thereto (a). In- 
| | deed 


(a) The uſes aſſigned to reſpiration by all the anatomiſts 
before Malpighi's diſcoveries of the ſtrufture of the lungs, 
are ſo various, and many of them ſo improbable, that it would 
be frivolous to recount them. But the more eminent modern 
anatomiſts aſſign theſe uſes. Willis thus ſums up his opinions 


Praæcipua pulmonum ſunctio, & uſut ſunt, ſanguinem & aerem per 


totas partium compages, intimoſque receſſus, atque ductus gnoſque 
minutiſſimos traducere, & ubique invicem committere in eum nempe 


nem, ut ſanguis venoſus d circuitu redux, & chymo recenti dilutus, 


tum perfeftins miſceatur & velut ſubigatur, tum potiſſimum ut 
ſecundum omnes ſuas partes ab atre nitraſo de novo accendatur.— 


The principal function, and uſe of the lungs, is to tranſmit 


the blood, together with the air, through all the organs, and 
even into the moſt minute receſſes and ſmalleſt ducts, and 
thence to ſend it back again. - So that the venous blood return- 
ing from its circuit, and diluted with the recent chyme, may be 
more perfety mixed and prepared to be again vivified by the 
nitrous air. Pharmaceut. p. 2. f. 1. c. 2. ſ. 2. Mayow faith 
rightly, that one grand uſe of expiration is, Ut cum aire expulſo, 
etiam vapores & ſanguine exhalantes, ſimul exſufflentur.—** That 
together with the air breathed from the lungs, the vapours 
exhaling from the blood may be likewiſe expelled,” And as, 
for inſpiration, that it conveyeth a nitro-acrial ferment to the 
blood, to which the animal ſpirits are owing, and all muſcular 
motion. a de Reſpir. p. 22, Ac. med edit. 

Some what 


* 
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deed ſo congenial is this with life, that breath 


and life are. in ſcripture phraſe and common 


ſpeech 


| Somewhat of the opinion of theſe two laſt cited, if T miſtake 
not (it being long fince I read their tracts, and have them not 


now at hand,) were Ent, Sylvius, Swammerdam, Diemerbroek, 


and my friend Mr. Ray, in an unpubliſhed tract of his, and his 


letters now in my hands. 


But our Dr. Thurſton, for good reaſons, rejects theſe from 


being principal uſes of reſpiration, and thinks, with great rea- 


ſon, the principal uſes to be to move, or paſs the blood from 


the right to the left ventricle of the heart. Upon which ac- 
count perſons hanged, drowned, or ſtrangled by catarrhs, ſo 
ſuddenly die, namely, becauſe the circulation of their blood is 
. ſtopped. For the ſame reaſon alſo it is, that animals. die ſa 
ſoon in the air-pump. Among other proofs he inſtanceth in 
an experiment of Dr. Croon, Prof:fſ. Greſh. which he made 
before our R. S. by ſtrangling a pullet, ſo that not the leaſt 
ſign of life appeared; but by blowing wind into the lungs 
through the trachea, and ſo ſetting the lungs a playing, he 
brought the bing to life again. Another experiment was once 
tried by Dr. Walter Needham, before Mr. Boyle, and others at 
Oxford, by hanging a dog, ſo that the heart ceaſed moving. 
But haſtily opening the dog, and blowing wind into the dudus 
Pecquetianus, he put the blood in motion, and by that means 


the heart, and fo recovered the dog to life again. V. 7289 5 


de Reſpir. Uſ. p. 60, and 63. med Edit. 


Such an experiment as Dr. Croon's my friend, the late juſtly 
renowned Dr. Hook, ſhewed alſo our R. S. He cut away 


the ribs, diaphragm, and pericardi um, of a dog; alſo the top 


of the wind- pipe, that he might tie it on to the noſe of a 
pair of bellows ; and by blowing into the lungs, he reſtored 
the dog to life; and then ceaſing blowing, the dog would 
ſoon fall into dying fits ; but by blowing again, he recovered 3 
and ſo alternately would die,” and recover, for a confiderable 


* as long, and as often as Til mos IPE Tranf. 
0. 28. 


For 


222 of RESPIRATION. | _ 4. 
ſpeech taken as ſynonymous things} or at leaſt, 
my concomitanits of one another. Mes (b) 

expreſſeth 


For the farther conſirmation of Dr. T hurſtor's opmion, , the 
ingenious Dr. Muſgrave cut off, and cloſe ſtopped up the wind- 
Pipe of a dog with a cork, and then threw open the thorax z 
where he found the blood ſtagnating in the /ungs, the arteria 
| Pulmonaris, the right ventricle, and auricle of the heart, and the 
two great trunks of the cava, diſtended with blood to an im- 
menſe degree; but at the ſame time, the vena pulmonarir, the 
Et ventricle, and auricle of the heart in a manner empty, hardly 
a {poonful of blood therein. Philgſ. Tranſ. No. 240. Or both 
the experiments may be together met with in Lowth. Abridg. 
vol. i iii. p. 66, 67. 

This opinion of our learned Thurſton, the late learned Bimub 
krus eſpouſed, who being particular jn reckoning up the uſes 
of reſpiration, I ſhall therefore the more largely cite him. Re- 
ſpiration, ſaith he, ſerves, 1. Ad offatum. 2. Ad ſcreatum 
Jputationem. 3. Ad ofcitationem, tuſſim, flernutationem, emundtio- 
nemque: 4. Ad liguidorum ſorbitionem, ſuftionemve. 5. Ad logue- 
lam, cantum, clamorem, ri 2 um, fletum, flatum, c. 6. Ad fe- 
cum alvi, wrine, fails „ necnon ſecundinarum expulſionems 
7. Ad promo venda ventriculi, inteflinorum, lafeorumque vqſorum, 
De. contenta. 8. Ad halitus aqueos ſanguinis & pulmonibus, atris 
ope, exportandor. g. Ad diapnoin. 10. Ad exattierem chyli, 
lympheque, \neenon ſunguinis —miſcelam. 11. Ad conciliandum ſan» 
Fuini — coccineam rubedinem, c. 12. Nec moro negabimus, 
atrem—pulmones, I ſanguinem illos tranſcurrentem, minus ca- 
lida reddere, Ne. 13. Aud denigue abr ſanguini ſingulis re- 
| ſbirationibus ali quantilld ſui parte, admixtus, pauciſſmas quaſdam 
in ſpirituum animalium elaboratione particulas Jinul contribuat.— 

« 1, For ſmelling. 2. For hawking and ſpitting, 3. For yawn- 
ing, coughing, ſneezing,, blowing the noſe. 4. For drinking 
and ſupping up liquors, 5. For ſpeaking, ſinging, crying, 
laughing, weeping, blowing, &c, 6. For propelling the feces 
by ſtool or urine, and for expelling the embryo, and the after- 
birth. 7. For promoting the motion of the contents of the 
or * and lacteals. 8. For * off from the 

lungs 
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expreſſeth animal-life, by the breath of life. Saith 
he, Gen. vii. 1950 22. 4 foo that moveth on the 
| earth, 


lungs the watery particles imbibed by the blood. 9. For per- 
ſpiration, 10. For the more perfect mixture of the chyle, the 
lympb, and the blood. | 11. For giving the blood its florid 
red colour. 12. Nor can we deny, that the air ſerves to cool 
the lungs and the blood paſſing through tl them, 13. And like- 
wiſe that the air at each reſpiration, mixing itfelf a little with 
| the blood, contributes in ſome degree to the elaboration of the 
animal ſpirits. All theſe uſes, although of great conſequence, 
yet he thinks rather conduce to the well. being, than the being 
of the animal; becauſe without any of them, the animal 
would not ſo ſpeedily die, as it doth by ſtrangling, or in the air- 
pump. He therefore aſſigns a 14th, and the principal uſe of 
reſpiration to be, For the paſſing of the blood through the lungs, 
that is thrown ito them by the heart, . Din . c. 10. 
ect. 1. and 16. 
But the late Dr. Drole, * great ingenuity and addreſs, 
(like a perſon, ſo conſiderable fox his years, as he was in his 
time,) not only eſtahliſhed this ngtion of reſpiration, but alſo 
carries it farther, making it the true cauſe of the digfole gf the 
heart; which neither Borelle, Loqers or Cowper, much lefs 
any before thoſe great men, have well accounted for. That 
the heart is a muſcle, is made evident. beyond all doubt by 
Dr. Lower. And that the motion of all muſcles conſiſts 
in conſtriction, is not to be doubted alſo. By which means 
the ſyſtole is eafily accounted for. But faraſmuch as the 
heart hath no avtagoniſi-muſcle, the digſols hath. puzzled. the 
greateſt wits, But Dr. Drake” with great judgment, and 
much probability of reaſon, maketh the weight of the ineum- 
bent atmaſphere to be the true amagoniſt to all the muſcles, 
which ſerve both for ordinary inſpiration, and the conſtriction 
of the heart. The particulars. of his opinion may be ſeen in 
his anatomy, J. 2. c. 7. And in Philof, Tranſe No. a8 r. 
And I remember when I was at the univerſity; my maſt 
ingenious and learned _ Dr. Mille, when he read anatomy 


to u, was of e the lungs were blown up by the 
weight 
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earth, frnol, cattle, beaſt, creeping things, and man; 

all in whoſe naſtrils was the breath of life in the dry 

land died. So the pſalmiſt, . P/al. civ. 29. Thou 

tale azvay their breath, they die. So grand an 

act therefore in common to all animals, may juſtly 

| deſerve a place in this ſurvey of the works of Gop 
in the animal kingdom. 

And here I might launch out into an ample de- 
ſcription of all the parts miniſtring to this neceſſary 
act, and ſhew the curious contrivance, and artifi- 
cial ſtructure of them; but a tranſient view ſhall 
ſuffice, I might begin with the outward guards, 
the noſg and mouth; but theſe have been already 


weight of the incumbent air, and repreſented the manner of 
reſpiration in this manner, viz. he put a bladder into a pair 
of bellows, turning back the neck of the bladder, and tying it, + 
faſt, ſo that no air might enter in between the bladder and 
bellows. © This being done, when the bellows were opened, 
the bladder would be blown up by the weight of the incum- 
bent air; and when ſhut, the air would be thereby preſſed 
forcibly ont of the bladder, ſo as to blow the fire. This ex- 
periment I take notice of here; becauſe (beſides the illuſtration 
it gives to reſpiration) that great genius ſeems to have had a 
truer notion of this phenomenon, than was very common then, 
vi. about the ygar 1677, or 1678; as alſo, becauſe I haye in 
ſome authors met with the fame experiment, without mention 
of Dr. Wills, whoſe I take it to have be 

Another uſe of great conſideration, t the already e 
Dr. Cheyne aſſigns ; namely, to form the elaſtic globules of 
which the blood principally confiſts, without which there 
would be a general obſtruction in all the capillary arteries, 
Cheyne's Philoſophical Prin. of * ne or Harris's Lex, 
Tach. in _ | 


„ 


+ . ; 5 touched 
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touched upon. But the exquiſite mechaniſm of 
the larynx, its variety of muſeles, its cartilages, 
all ſo exquiſitely made for the purpoſe of reſpi- 
ration, and forming the voice (c), are very admi- 
rable: and no lefs ſo is the tongue (d), "which 
HI 160% and. vey. fer RIO WER 
2 Beendſe it | wonks * endleſs ke Alien eb 
chaniſm of all the parts, concurring to the formation of the 
voice; I ſhall therefore for a ſample note only two things: 
1. There are thirteen muſeles provided for the motion of the 
five cartilages of the laryax, Gibſ. Anat. I. 2. c. 14 a ſign of 
the careful and elaborate proviſion that is mafle for the voice. 


2+ It is a prodigious faculty of the glottir, in contracting and 
dilating itſelf with ſuch exquiſiteneſs, as to form all notes. 


Fer (as the ingenious Dr. Keil faith) ſuppoſing the greateſt diſs 
tance. of the: two frdes of the glottis to be one\tenth»part of an 
inch in ſounding twelve notes (to *vhich the voice | eaſily rachel; 
this line muſt be divided into teelve parts," each of eobich gives the 
aperture | requifite for ſuch a note, woith a certain ſtrength. But 
if ewe tonfider the ſub-divifion of notes, into which the voice can 
rung the motion of the fides of the glottis ir fill vaſtly: nicer. 
For if two chords ſounding exa#ly uniſons, one be fſhartened. gne 
two-thouſandth part of ita length, ' a. juſt car will partei ur the 
diſagreement, and a good voice will found. the difference, which is 
one one hundred and ninety-fixth part of a note. | But ſuppoſe the 
voice can divide a note into a hundred parts, it follows- that the 
different apertures of the. glottis actually divide. the tenth part of 
an inch into twwelve-hundred parts, the effe of. each of wuhich pro- 
ducts @ ſenſible alteration upon 4 good ear. But 'becauſe each fide 
of the glottis moves juſt equally, therefore the. devifions are juſt 
double; or the fides of the glottis, by their motion, do actually dis 
vide one tenth part a 
Keil's Anat. c. 3. ſedl. 7. Toe 

(d) Among the inſtruments of ſpeech, n 
Ra. 
vor- 1. ſpeech 
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Next, the fabric of the (e) trachea deſerves 
eſpecial remark. Its _— the epiglottis on the 
22 E. 2 0 top; 


Polls can be without it. But in the third. tame _”_ the Epbem, 
Germ. is publiſhed, Fac. Rolandi Agloſſoflomographia, ſr bye De- 
ſcriptio Oris fe Lingud quod perf+? Inguitur, & reliquas fads 
funcliones naturaliter exercet. The perſon deſcribed is one Pet. 
Durand, a French boy of eight or nine years old, who at five 

or ſix loſt his tongue by à gungrene, occaſioned by the ſmall 
pox : notwithſtanding which, he could (as the title ſaith) ſpeak 


perfectly, as alſo taſte, ſpit, ſwallow, and chew his food; but 


this latter he could do only on that fide he put it into, not 
being able to turn it to the other ſide his mouth. | + 
In the ſame tract. chap. 6. is this obſervat ion of Ae 
perſons ; Memini me à quodam' ſat celebri anatomicd audi viſſe, dum 
de duplitaturd. media/tini ageret, ſi membrana ifta duplex naturgliter 
unta in duas partes dividatur, laquelum quaſi ex peftore procedere, 
ut circumſſ antes credant deæmoniacum bunc, aut fternomythum.— 
« ] remember I was informed by a famous anatomiſt, in ſpeak- 
ing of the doubling of the metraſtintm, that if that double 
membrane, which is naturally united, were divided into two 
parts, the ſpeech would proceed from the breaſt, ſo that by- 
ſtanders would N the ee to be either a demoniac or a 


5 nn 


(e) The variation ts MIT is. „ ebfernable 1 in . 
ture, according ar it ir" neceſſary for that of the” voc. In an 
urchin, ahi hath a, very ſmall voice, it ts hardly more than 
membranous e and in-a pigeon, which hath a low and ſoft note, 
it is partly cartilaginous; and -partly membranous.” In an owl, 
which hath u good audible note, it is more cartilaginous \ but 
that of a jay hath” hard bones inflead of cartilages t. and fo 
of a linnet : n they have 4 of them 4 louder We 
note, & c. 3 th 

The rings of the wind pet are « fined for the . of the 


voice. for in dogs and cats, which in the expreſſion of divert 


paſſions uſe a great many-noter ſ as men do), they are open and flex- 
able, as in Man. 5 ran or any I are dilated or con- 
4 FIC . trated, 
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top, to fence againſt all annoyances ; its carti- 
laginous rings (F). nearly environing it, with its 
membranous part next the gullet, to give the freer 
paſſage to the deſcent of the food. And laſtiy, 
its inner tegument of exquiſite ſenſe to be readily 
affected with, and to make efforts againſt every 


traded, more ur lo ar is convenient for a higher vr \deqper note, 


&c. auherrur in ſome other animalt, as in the Japan peacock, 
which uſeth hardly more than one | fingle note, they are entire, xc. | 


Grew's Coſmolog. Sacr. book i. chap. 5. ſect. 9, 10. 


(F) It is a farther manifeſt indication of ſingular deſign in 
the cartilaginous rings of the aſpera arteria, that all the way 
where they are contiguous to the eſophagus, they are mem- 
branous, to afford an eaſy paſſage to the food ; but after that, 
in the bronchi, they are, ſome completely annular, ſome trian- 
1 Sc. And another obſervable is, the lower parts of the 
uperior cartilages, receive the upper parts of the inferior in 
the bronchi; whereas in the aſperu arteria, the cartilages run 
and remain parallel to one another; which is a noble difference 
or mechaniſm in this (in a manner) one and the ſame part, 
enabling the lungs and bronchi, to contract themſelves in ex - 
pirativn, and to extend and Gilate themſelves in inſpiration. | 


Nothing can be more clearly demonſtrative of the deſign 
and wiſdom of the great Author of our being, than that ex- 
quiſite contrivance by which the food, in its way to the ſto- 
mach, is made to paſs over' the opening of the wind-pipe by 
means of the epiglottis, a ſmall cartilage, which, being preſſed 
down by the food in the action of ſwallowing, overlaps and 
covers the orifice of the wind-pipe, thus forming a bridge for 
its free paſſage, and riſing again by its natural ſpring as ſoon 
as the food has paſſed over it, in order to allow the inſpiration 
and expiration. of the air from the lunga. 11 Eprror, 
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thing that is hurtful or offenſive . 1 ne 
all juſtly deſerve our admiration. 

And no leſs prodigious are the parts further 
within; the bronehi, the while (g), with their 
muſcular fibres (h), as & al afſert 4 bong to- 


gether 


(2) I fralt- not here intrench ſo much upon the avatamiſi's 
province, to give: a deſcription of the /ungs; althougli it be 
a eurious piece of God's workmanſhip ; but reſer to ſeignior 
Malpighi, the ſirſt diſcoverer of their vefica/e in 16607 in his 
two letters to Borelk d Pulmon; - Alſo to Dr. Will's. mY 
Rat. p. 2. ſect. 1. cap. 1. dr Reſpir. Orig. & NV 
wrote after Malpighi, ſo hath more accurately deſcribed thoſe 
parts ; and to Mr, Conper's Anat, tab. 24, 25. Apd if the 
reader hath a mind to ſee what oppoſition ſeignior Malpight's 
diſcoveries met with at home and abroad, and what eontro-- 
vetſies he had on that account; as alſo his cenſures of Dr. Wit: 
lis deſcription, and ſigures, he may conſult Hef 8 life 
written by himſelf, p. 4 to 21. . 

That die- lung confilt of, agfeule, or iobull of an ad- 
mitting of air from the Lronchi, is viſible, becauſe they may 
be blown. up, cleanſed of blood, and ſo dried. But! Mr. Cow- 
fer faith, he could never part the lobuli (ſo as to make Dr. 
IWillie's fig. 1. tab. 3, and 4.) 3 ſo that probably the veficule are 
contiguous to one another throughout each lobe of the lungs. 
And not only air, but Dizmerbroech: proves that the ful 
admit of duſt alſo, from two aſthimatie perſom he opened: 
one a Rone-coter's man, the! vgfrule of whoſe-lungs. were 
ſo ſtuffed with duſt, tlist in cutting, his kniſt went a8 if 
through an heap of ſand; the other was a; feather driver 
who had theſe vous radars the tie duſt. drake 
feathers. iq) tt 

(5) There 1 4 | conſiderable Aenne beted Dr, Willi 
nd Pimuller, wiz. whether the vents of the lungs have any 
muſcular fibres or not? Etthaller expreſly ſaith,” Yullas fbras 
muſculy/ar, multo minis mne, muſculorum compagem on 


gether with the arteries and veins, which every 
where accompany the airy paſſages, for the bload 
to receive there its impregnations from the air. 


enim veſiculs albide E. fere diaphane) i in inſis reperiri.—* That na 
muſcular fiſhes are to be found in them; much leſs the red com- 
ger of the muſcles; for the velides are white and almoſt 
tranſparent.” Ui ſupra, c. 6, ſect. 2. And afterwards, ſe. 3. 
Pulmones gſe molles feexileſque, muſeuloſis fibris ceu propria explien - 
tionis organis deſlitutos.—* That the lungs are ſoft and flexible, 
and deſtitute of muſcular fibres, or the organs for unfolding or di- 
lating themſelves.” —But Dr. Wills as expreſly aſſerts, they | 
haye muſculous fibres, and aſſigns an excellent uſe of them; 
Cellule ifte veficularer, ut nixus pro expiratione contraivos edapt, 
etiam fibras, uti per microſcopium plane conſpicere eſt, muſcularet ob- 
ſinent.—. Theſe veſicular cells, as appears by the aid of a mi- 
croſcope, have likewiſe muſcular fibres, in order that they 
may be able to make thoſe contractive efforts neceſſary for ex- 
piration. — Ui ſupra, ſea. 16. And in the next ſeQion, 
Ut pro datd occaſiane majorem aeris copiam exſuflent, aut materiam 
ev uſſiendam ejiciant, Kiri, muſcularibus donate, | ſe | eſe arGins contra- 
hunt, contentaque ſua penitùs exterminant. Et enim ordinarie Her- 
torks Alle, quas muſculorum relaxationes ex parte efficiunt, atrem 
forſan totum & trached && bronchiis, haud damen 4 veſiculis, qudque 
vice ejiciunt : propter has ( quoties opus erit ) inaniendas, & tatius 
Feforis cavitas plurimim anguftatur, & cellule ip/e veſiculares à 
proprits fibris conflriftis coarfantur, 4 They are furniſhed with 
muſcular fibres, and contract themſelves occafionally, in order 
to throw out a greater quantity of air, to eject the ſubſtance 
to be ooughed up, and expel their contents. For the 
ordinary contractions of the breaſt, effected by the relaxation 
of the muſcles, are perhaps ſufficient to expel the air from 
the trachea and bronchie, of not from the veſicles : but, in 
order to empty them, not only the whole cavity of the breaſt 
is contracted, but the . cells are conſtricted by their 


proper fibres.“ 
Q3 W 
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From hence I might proceed to the commodious 
form of the ribs (i), the curious mechaniſm of 
the  intercoſtal-muſcles (4), the diaphragm, * 


(i) Circa has s motus [fit pectoris dilatationem, c. ] divini con- 
 ditoris mechanicen, ad regular mathematicas Plage adaptam, ſatis 
admnirari non poſſumus ; fiquidem nulld alid in re manifeftius o 
Sue vllt, videtur. Quippe cùm peftoris, tum ampliatio, tum 
 coarflatio q quibuſdam muſcults (quorum munus unicum eſt contra- 
here) perfici debeat ; res ita inflituitur, ut cofle que thoracis, velut 
 parallelogrammi oblongi verſus cylindrum incurvati, latera efformant, 
in figuram mods quadratam, cum angulis reclit, pro pectoris ampli- 
atione : modg in rhomboeidem, cum angulis acutis pro efuſdem con- 
tractione, ducantur, &c,—* With regard to thoſe motions (the 
dilatation of the breaſt, &c.) plainly adapted to mathematical 
rules, we cannot be admire the art of our great Creator, 
for in no inſtance does it more clearly appear that the Al- 
mighty Being has followed the exacteſt rules of geometry. 
For as both the dilatation and contraction of the breaſt is per- 
formed by the means of certain muſcles, whoſe office is ſolely 
to contract, it is ſo ordered that the ribs which form the ſides 
of the thorax, like oblong parallelograms, curved ſomewhat 
in a cylindrical form, are in ſome reſpects of a ſquare, figure 
with right angles, for the dilatation of the breaſt ; and in other 
reſpects rhomboidal with acute angles for its contraction.“ 
Willie, ubi ſupra, ſect. 28, 
(0) For the ſtructure of the intercoftals, midrif be. T ſhall 
. refer to Dr. Willis, and other anatomiſts, But Dr. Drake tax- 
eth Dr. Willis with an error, in fancying there is an oppoſition 
in the office of the intercoftals, by reaſan that the fibres of 
the external and internal intercoftals - decuſſate z that therefore 
the exterual ſerve to raiſe the ribs, the . internal to draw them 
down. But Dr. Drake is of Steno's and Dr. Mayogo's opinion, 
that notwithſtanding the decuſſation of their fibres, the power 
they exert upon, and the motion they effect in the ribs, is one 
and the * Anat. I. 2. e. 7. and l. 4. c. 5. 2 
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all the other muſcles (/) miniſtering both to the or- 
. 1 eu aces op —_— 


344 ,+44 


*. l) Although Dr. Drake, and fome 1 2 - on 
egal being antagoniſt-myſcles, as in the preceding note z yet 
they, and moſt other anatomiſts that I have met with, attribute 
a conſiderable power to them in the act of reſpiration, as they 
do alſo to the ſubclavian and triangular-muſeles ; but the learned 
Etmuller denies it for theſe three reaſons, 1. Quia reſtirumdo 
nullam in illts contrationem ſentio, 2. Yuia—ſibi invicem non ad- 
ducuntur, &c. 3. Yuia cole omnes ab aliis mods enarraths muf- 
culit noventur, idgue ſimul, &c. Intercgſlales itaque, necnon ſubclavios 
muſculos coftis, parietum inſtar, ad complenda interſtlitia intercoſtalia, 
pectuſue integrandum, ac coftas connectendas, intertectos efſe, proba» 
biliter concludo : quo munere triangulares etiam— fungi rationi conſen- 
taneum eff.—4* 1. Becauſe in reſpiring, I perceive no contrac - 
tion in them. 2. Becauſe they are not brought cloſe to each. 
3. Becauſe all the ribs are moved by the muſcles already de- 
ſcribed, and that at one and the ſame time. I therefore con- 
clude, with ſome degree of probability, that the intercoſtals, 
and likewiſe the ſubclavian muſcles, are interwoven with the 
ribs, in order to fill up the interſtices between them, and con- 
nect the ribs together, which it is reaſonable to think is like- 
wiſe the office of the triangular muſcles.” —Ztmul. Diſſert. ii. 
c. 4. ſect. 6. 

" But as to the uſe of the n in reſpiration, we 
may judge of it, from its remarkable ſize and uſe in a dog; of 
which Dr. Willis gives this account from Fallopius : In homine 
parvus aded & ſubtilis ie [muſculus] ef, ut vix pro muſcyla ace 
cipi queat : in cane per totum as pectoris protenditur, & cartilagines 
omnes, etiam verarum coſtarum flerno inoſculatas, occupat : cujus 
diferiminis ratio divinam circa animalium fabricas Providentiam 
' plant indigitat. Quippe chm hoc animal, ad curſus velociſſmer & 
diu continuandos natum, quo ſunguit, dum intenſits agitatur, rits ac- 
cendatur eventileturque, atrem celerrim? & fortiter uti inſpirare, ita 
etiam exſpirare debet—idcirco propter hunc actum firmiùs obeundum 

3 homine haud magnus ęſt uus muſeulus caninus malem in- 
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But paſſing them by, I ſhall top at one prodigious 
work of Nature, and manifeſt contrivance of the 
Almighty Creator, which although taken notice of 
by others (n), yet cannot be eaſily paſſed by in the 
ſubject Tam upon; and that is, the circulation of 
the blood in the fetus in the womb, ſo different 
from the method thereof after it is born. In the 


womb, whilſt it is as one body with the mother, 


and there is no occafion, nor place for reſpiration, 
there are two paſſages () on purpoſe for the tranſ- 


 gentem ti tanto operi parem ſortitur,—* In the human body that 


muſcle is ſo ſmall and flender, that it can ſcarcely |] be held as a 
muſcle ; whereas in a dog it is extended over the whole breaſt 
bone, and embraces all the cartilages, even thoſe of the true 
ribs which are inſerted into the ſternum : the reaſon. of which 
difterence plainly points out the wiſdom of Almighty God in 
the ſtructure of animals. For as the dog is formed by nature 


for ſwift running and for a long continuance of it, ſo in order 


that the hlood which is intenſely agitated, may be properly per- 
vaded and cooled by the air, he is ſo formed as to inſpire and 
expire with great force and celerity; and for that purpoſe 
(which would be ſuperfluous in the human body) the canine 


muſcle is formed of a great ſize, and fitted to e 


tion.“ Willis, uli ſupra, ſect. 32. 

(u.) Ray's Wiſdomiof God in the Creation, p. 343. 

(n) Mr. Cheſelden, an ingenious and moſt accurate anatomiſt, 
135 ſomewhat particular in his obſervations about the circu- 
lation of the blood through the heart of the ſetur, I ſhall pre- 
ſent the reader with ſome of his obſervations, which he favoured 


me with the fight of. The blood (ſaith he) <which is brought to 


the heart by the aſcending cava, paſſer aut of the right awricle into the 
deft, through a paſſage called foramen ovale, in the ſeptum [com- 


mon to them both] without paſſing through the right ventricle (as 


after the birth), while the blood from the a = 
114 - t 
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miſſion of the blood without paſſing it through the 
lungs. But as ſoon as the /@!us is born, and be- 
come thereby a perfectly diſtin& being, and breathes 
for itſelf, then theſe two paſſages are ſhut up; one 
nearly obliterated, the other becomes only a liga- 
ment, except in ſome creatures that are amphibious, 
or are forced to lie long under water, in whom 


. theſe paſſages probably remain open 9" 


through the right auricle and ventricle into the e artery, and 
thence into the aorta through the duct, betawixt that and the | 
artery, called ductus arterioſus, whilft a fmall portion of the blood, 
 thrawn into the pulmonary artery paſſeth through the hings, no more 
' than it ſufficient to keep open the pulmonary veſſels. Thus both ven- 
tricles are employed in driving the blood through the aorta to all parts 
| of the fœtus, and to the mother loo. But after the birth, the blood 

being to be driven from the aorta through the fœtus alone, and not 
the mother too, one ventricle becomes ſufficient, wwhilft the other it em- 
ployed in driving the blood through the lungs, the ductus arterioſus 
being hut up by means of the alteration of its poſition, which happens 
to it from the raifing the aorta by the lungs, when they become inflated. 
After that the blaod is thus driven into the lungs,” in its return it 
ſhuts the valve of the foramen ovale again? the foramen itſelf, tg 
whoſe fides it foon adheres, « Jo flops up the paſſage, The ductus 
- arterioſus, or ductus us in ligamentum verſus, is /e/dom to 
be diſcerned in adult bathes, but the figure nnn is 
never obliterated. 

(o) Tt hath been generally thought to be hot improbable, 
but that on ſome occaſions the foramen ovale may remain open 
in man. In a girl of four or ſive years of age, Dr. Connor found 
it but half cloſed, and in the form of a creſcent. | And he thinks 
ſomewhat af this kind might be in the perſon -whoſe-ſkeletan 
was found to have no joints in the back-bone, ribs, He. Of 
which a deſoription, with cuts, may be found in Phil::Tranſ. 
No. 215. And more largely in his Diſert. Med. Phyſ. de ftu- 

N N a ' $4 ® 44 , fondo 
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1-10 And now what action of any rational creature, 
„ what is there in a man's life, that doth more 
0 | | r 
444%, Pendo gſſum coalitu, where he adds to the girl, in whom the for. 
il i ki | ov. was not ſhut, a like obſervation of another girl he opened at 
1660 1114 Oxford of three years old: In gud foramen ovale fer# erat occlu- 
1 ſum, in medio tamen, exili foramine, per quod turundam facile tranſ- 
145 miſt, erat pervium, p. 30.—* In whom the foramen ovale was al- 
1044 moſt ſhut, but in the middle there was a ſmall opening through | 
15 which I eaſily thruſt a probe.” —So Mr. Cocoper (than whom 
15 none more accurate and a better judge) ſaith, I have often found 
WAS . the foramen ovale open in the adult. Anat. Append. hg. 3. 
Mill But Mr. Chefelden is of a different opinion, Of which in the 
U | following note. 
155 From ſomewhat of this cauſe, I am apt to think it was that 
Mi! FR the Tronningholm gardener eſcaped drowning, and ſome others 
1 mentioned by Pechlia. His ſtories are, Hortulanus Tronning- 
660 | bolmenſis #iamnum vivens, annos natus 65, pro illd ætate ſatit adhuc 
10 . valens & wegetus, cam ante 18 annos, alii in aguas delagſa opem ferre 
11 vellet, forte fortund & ipſe per glaciem incautiùs procedens, aquas in- 
Mill + Cidit 18 ulnas profundas : ubi ille, corpore erecto quaſi ad perpendi- 
i culum, pedibus fundo adhafit. Conflitit fic per 16 horas, antequam 
664% produceretur in auras. Dixit autem, ſimul ac infra aguarum ſuper- 
— 1004 ficiem fuit demerſus, flatim obriguiſſe tatum, &, ſi quem tum habuit 
i matum & ſenſum, amifife, 11 quod ſonantes Stoalolmit campanas 
109 etiam ſub agui: o0bcurite percipere fibi ſit viſus. Senſit etiam, ſlatim 
10% Hl velut weficulam ori applicdſſe, aded ut agua nulla or penetraverit 
40% in auret vero tranfitum, etiam ſentiente illo, habuerit z atque inde au- 
il ils | ditum ſuum debilitatum aliquandiu efſe. Hoc Aatu dum 16 horas 
| 1h permanſit fruftira gueſitus, tandem repertum, conta in caput infixq, 
N rujjus etiam ſenſum ſe hab uiſc dixit, fundo extraxerynt, ſperantes em 
, more aut perſuafione gentis revitturum gc. Haque pannis linteiſque 
N praductum obvolvunt, ne abr admitti poſſit pernicioſur ſuturus ſubito 
i illapſu: eufloditum fic ſatis ab ab re ſenſim ſenſimque tepidiori loco ad- 
| . . movent ; mox calidis adoriuntur faſciis, ſricant, radunt, & ſuſlamina- 
Ae - tum tot boris ſanguinis corporiſgue motum negotiosd illd operd redu- 
{ | FR cum 5; denigue antapoplecticis ff genialibus liquoribus vitæ reddunt & 
6 priſtine 
l 
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plainly ſhew deſign, reaſon, and contrivance, than 
this very act of nature doth the contrivance and 
« deſi gn 


Mine mobilitati. Retulit is atque oftendit ſe etiamnom in capite dr 
cumferre veſtigia violentia d conto illatæ, & cephalalgiis vexari gra- 
viſſimis. Et propter hunc ipſum caſum, religio? d popularibus, & 
Hujuſce rei teflibus probatum, ſereniſſime regine matris munificentid & 
annuo flipendio eft donatur—& ſereniſ. principi —oblatur, vi vur 
teftis—Confignatam manu Babes hifloriam D. Tilgſi, biblioth. reg. 
profetti, qui teftatur oft ſe prenoviſſe mulierem, que tres ipſos 3 
aqui hefit, & ſimilem in modum, quo hortulanus ille, reſuſcitata, ad- 
buc dum lucis plend Freitur uſurd. Accedit nob. Burmanni=-fider, 
_ qui confeſſur eft,—ſe in pago Boneſs parochis Pithoviæ concionem 
 frequentd, 7 funebrem, in qud, dum alia recenſeret preco ſenis cujuſdam 

enarii Laur. Jone—audiverit ex ore concionatoris,  vivum 

eum, adoleſcentem 17 annorum, aquiz ſubmerſum, ) demum hebdomadd 
{rem prodigioſam I extraftum ad fe redii iſe vivum & incolumem.— 
« A gardener of Tronningholm who is yet alive, and is 65 
years of age, of a freſh and vigorous conſtitution for that time of 
life, about 18 years ago, in endeavouring to aſſiſt a man'who had 
fallen into the water, fell in himſelf through the ice where the 
water was 18 ells in depth, and ſtuck with his feet in the mud at 
the bottom, ſtanding in an ere& poſture. He remained ſo for 16 
hours before he was brought up. He told that as ſoon as he 
had ſunk below the ſurface of the water, he grew immediately 
Riff, and loſt all ſenſe and motion, unleſs it was a faint percep- 
tion of ſtill hearing, as he thought, under water, the bells of Stock- 
holm. He felt likewiſe as it were a bladder applied to his mouth, 
which prevented the entrance of the water, which however he 
felt coming in at his ears, and thence he ſuppoſes his hearing was 
weakened. Remaining in this ftate, he was ſearched for to no 
purpofe for 16 hours; at length being found, he was dragged 
from the bottom by a pole fixed in his head, of which he re- 
' membered the feeling while in the water. The people as uſual 
had hopes of recovering him, and having wrapt the body in warm 
clothes, to keep it from the ſudden influence of the air, and re- 


moved it by degrees from a cooler to a warmer place, they then 
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deſign, of the great Gop of Nature? What ig 
en and contrivance, if this be not ? ren 


— Lanta coverin g, rubbed the body, blew into it, and 
length i in the ſpace of ſome hours they brought back the vit 
motion and the circulation of the blood, 'Thep adminiſtering 
antapoplectic and cordial liquors, they reſtored him emit 
life. He ſhewed the mark on his head from the ſtroke of the 
pole, and was for ſome time much. afflicted with violent head- 
aches. On account of this accident, which was proved by the 
teſtimony of all the neighbourhood, he had an annual penſion 
conferred on him by the bounty of the gueen-mather, and being 
preſented to the prince, bore teſtimony himſelf to what had 
happened to him. The ſtory is vouched under the hand gf” 
Tillarius, the king's librarian, who likewiſe bears witneſs that 
he knew a woman who had remained for three days under 
water, who was brought to life in the ſame manner as the gar- 
dener of Tronningholm, and who is yet alive. To this is added 
the teſtimony of Burman, who declares that in a funeral ſermon 
in the pariſh church of Pithou, of an ald man of 7a, he heard 
the preacher relate that the ſame man, when a youth of 19 
| years of age, had been drowned and remained under water 
ſeven weeks, (a prodigy indeed I) and being afterwards drawn 
out, had molt miraculouſly recovered. Pechlin. de Aer. & Aan. 
Hef. c. 10. 
Shall we to this cauſe, or to the offificatian, or more than ar. | 
dinary ſtrength of the wind-pipe, attribute the regovery to life 
of perſons hanged? Of which Pechlin gives an inſtance that fell 
under his own knowledge, of a woman hanged, and in all ap- 
2 dead, but recovered by a phyſician accidentally coming 
in, by a plentiful adminiſtration of fpir. ſal. armon. Pechl. ib. 
- 7. And the ſtory of Anne Green, executed at Oxford, Dec. 14. 
3650, is ſtill well remembered amang the ſeniors there. She qvas 
1 hanged by the neck near half an hour, ſome of her friends in the mean- 
time thumping her on the breaſt, others hanging wwith all their wweight 
bon her legs, ſometimes lifting her up, and then pulling her down 
ain an thereby the ſooner to dipoteb bir out of her 
boils pain ; 
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That there fliould be a temporary part in the body 
made juſt for the preſent exigence; to continue 
whilſt there is ovcafion for it, and to ceaſe when 
there is none; in ſome creatures to remain I 
by reafon of their amphibious way of living, and 
im End- main (purely fueh) to ccaſdqGqęSJn. 
Another excellent contrivance, a- kin to the Hſt, 
is for the prefervation of ſuch creatures whoſe oe: 
caſions frequently neceſſitate them to live without, 
or with but little reſpiration: fiſhes might be 
named here, whoſe Habitatlon Is always in the 
waters; but theſe. belong to an element which 1 
cannot at preſent engage in. But there ate many 
animals of our on element, or partly ſo, whoſe 
organs of teſpiration, whoſe blood, whoſe heart, 
and other inſtruments of liſe, are admirably ac- 
commodated to their method of living: thus many 
amphibious ereatures be who live in water as well 
= 


pode wth; gy nom wenkaici als as wile 
e6ffin; being obſerved to breathe, a luſty fellow ſtamped with all 
his forte on her breaſt and tomachz;to put „ 
But by the afſiſtance of Dr. Peiy, Dr. Willie, Dr. Bathurſt, and 
Dr. Clark, the was again brought to life. I myſelf ſaw her 
muny yeary after; after that ſhe had (I heard) born divers chil-· 
dren. The particulurs of her crime, execution, and reſtoration, 
ſee in a little pamphlet, called News from the Dead, written, as 
I have been informed, by Dr. Bathurſt (afterwards: the molt 
vigilant and learned preſident of Trinity College, Oxon.), and pub- 
liſhed in 1651, with verſes upon the occaſion. ' 

(p) The ſea-calf hath the foramen ovale, by which means it is 
enabled to ſtay long under the water, as the Pariſ. anatomiſte. 
Of which ſee in Look vi. chap. 5. note (c). 


But 
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as air; many quadrupeds, birds, inſects, and other 
animals, who can live ſome hours, days, yea, whole 


vinters, with little or no reſpiration, in a torpitude, 
- or ſort of ſleep, or middle ſtate between life and 


death: the proviſion made for theſe peculiar occa- 
ſions of life, in the fabric of the lungs, the heart, 
and other parts of ſuch creatures (9), is manifeſtly 
the work of Him, who as St. Paul ſaith (r) nn 
41 breath, and life, and all things. | 


But the fore-commended Mr, Cheſolden, thinks the rams 
ovale is neither open in amphibious creatures, nor any adult 


land-animals. When J ft (ſaith he) applied myſelf to the dif 


| feflion of human bodies, I had no diftruſt of the frequent accounts of 
the foramen ovale being open in adults ; but J. find | fince, that 1 


miſtook the oſtium venarum coronartarum for the foramen. The 
Bike I ſuppoſe authors have done, who afſert that it it always open in 
amphibious animals ; for aue have made diligent enquiry into thoſe ani. 
male, and never found it open. Neither would that (as they ima 
gine) ſerve: theſe creatures to live under water, as the fœtus doth in 
utero, unleſs the ductus arterioſus was open alſo. 
This opinion of Mr. Cheſelden hath this to render it probable, 
That the gſium venarum coronariarum is ſo near the foramen 
ovale, that without due regard, it may be eaſily: miſtaken for it. 
Such. therefore as have opportunity of examining this part in 
amphibious animals, or any other ſubject, ought to ſeck for the 
, whenever they ſuſpe& they have met with the foramen. 

() Of the ſingular conformation of the heart and lungs of the 
tortoiſe, which is an ene animal, ſee boob vi. chap. So 
note (6). 

(r) Ad, xvii. 2 Fo 


. 
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CAP. vm. 
07 the Motion of Animals. 


Ni EXT to the two grand acts of animal ie, 

their ſenſe or reſpiration, I ſhall conſider 
their motion, or locomotive faculty; whereby they 
convey themſelves from place to place, according 
to their occaſions and way of life: and the admi- 
rable apparatus to this purpoſe, is a plain de- 
monſtration of God's particular foreſight, care, 


and eſpecial Providence towards all the animal 


world. 


And here I might view, in the firſt place, the, 
muſcles, their curious ſtructure (a), the nice tack- 


(a) That the muſcles are compounded of fibres, is viſible! 
enough. Which fibres, the curious and ingenious Borelli ſaith; 
are cylindraceous ; not hollow, but filled with a ſpungy, pithy 
ſubſtance, after the manner of elder, as he diſcovered by his mi- 
copiopgyer Borel. de Mot. Animal. Part f. 

Theſe fibres, he ſaith, are naturally white ; but derive their 
I only from the blood in them. 

Theſe fibres do in every muſcle (in the belly. at leaſt of — 
tho muſcle) run parallel to one another, in a neat orderly 
form. But they do not at all tend the ſame way, but ſome 
tun aſlant, ſome long-ways, Cc. according to the action or 
poſition of each reſpe&ive muſcle, The particulars of which, 
and of divers other obſervables in the muſcles, would, beſides 
figures, take up too much room in theſe notes; and therefore, 
I, muſt- refer to the Aer neee vr 1 
Cowper, O.. 
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ing them to every joint, to pull it this way, and 
that way, and the other way, according to the 
ſpecial purpoſe, deſign, and office of every ſuch 
joint : alſo their various fize and ſtrength ; ſome 
large and corpulent, others leſs, and ſome ſcarce 
viſible to the naked eye; all exactly fitted to 
every place, and every uſe of the body. And 
Iaſtly, I might take notice of the muſcular maden 
both involuntary and ſpontaneous (60). 
Next, I might ſurvey the ſpecial fabric of the 
bones (), POPLINE to animal motion. 0 Non, I 


> 1 P 


(The intaite ee hath awd I exerted his art and 
cure, in the proviſion made by proper muſcles and nerves, 
for all the different motions in animal bodies, both involuny 
tary and voluntary. It ia a noble Providence, that molt of 
the vital mot ions, fireh as of the heart, ſtomach, guts, e. 
are involuntary, the mnſeles acting whether we fleep or wake, 
whether we will or no. And it is no leſs providential that 
ſame, even of the vital motions, are partly voluntary, partly in- 
voluntary, as that, for inſtance, of breathing, which is per- 
formed both fleeping and waking ; but can be intermitted for 
a ſhort time on occaſion, as for accurate hearing any thing, 
c. or can be increaſed by a ſtronger blaſt, to make the greater 
diſcharges of the blood from the lungs, when that any thing 
overcharges them. And as for the other motions of the body; 
4s of the limbs, and fuch as are voluntary, it is ano leſs provi- 
dence, that they are abſolutely under the power of the wilt ;-fo 
as that the animal hath it in his power to command the muſcles 
and rn em 
actions as it hath occaſion for. 

(e) Avid dicam de offibus ? guns ſubjefa corport ade ave 
 habent, & ad flabilitatem aptas, N ad artut finiendos arrom- 
wodatas, & ad motum, E ail omnem corporis afionem,—:** What 
| ol we ſay of the bones, of which the j joinings are ſo admirably 

adapted 
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might take notice of the joints (d), their com- 
plete form adjuſted to the place, and office they 
| are 


adapted both for ſtrength, for motion, and for every action of 
the body.” —Cicer. de Nat. Deor. I. 2. e. 55. 

By reaſon it would be endleſs to mention all the curioſities 
obſervable in the bones, I ſhall for a ſample, ſingle out only an 
inſtance or two, to manifeſt that deſign was uſed in the ſtructure 
of theſe parts in man. 

The firſt ſhall be in the back-bone, (ſee Plate A, fig. 2.) which 
among many others hath theſe two things remarkable. 1. Its dif- 
- ferent articulations from the other joints of the body. For here 
moſt of the joints are flat, and withal guarded with aſperities and 
hollows, made for catching and holding; ſo as firmly to lock and 
keep the joints from luxations, but withal to afford them ſuch a 
motion, as 1s neceſſary for the incurvations of the body. 2. The 


difference of its own joints in the neck, back, and loins. In the 


neck, the atlas, or upper wertebra, as alſo the dentata, are curi- 
ouſly made, and jointed (differently from the reſt) for the com- 
modious and eaſy bending and turning the head every way. In 
the thorax, or back, the joints are more cloſe and firm ; and in 
the loins, more, lax and pliant ; as alſo the ſpines are different, 
and the knobs and ſockets turned the quite contrary way, to 
anſwer the occaſions the body hath to bend more there than 
higher in the back. I ſhall cloſe this remark with the i ingenious 
Dr. K:iPs Obſervation. 
Tze flrudture of the ſpine is the very beſt that can be contrived ; 
for had it been all bone, «ve could have had no motion in our backs 3 
had it been of tao or three bones articulated for motion, the medulla 
ſpinalis muſt have been neceſſarily bruiſed at every angle or joint ; 
befider, the whole would not have been fo pliable for the ſeveral poſe 
tures we have occaſion to put ourſelves in. If it had been made of 
| ſeveral bones without intervening cartilages, wwe ſhould have had no 
more uſe of it, than if it had been but one bone. If each vertebra had 
bad its or diſtin cartilages, it might have been eaſily diſlocated. 
And laflly, The oblique proceſſes of each ſuperior and inferior verte- 
bra, keep the middle one that it can neither be thruſt backwards nor 
vor. 1. R forwards 
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are employed in; their bandage, keeping them 
from luxations ; the oily matter (e) to lubricate 
them, 


forwards to compreſs the medulla ſpinalis. Keil's Ave cap. 5. 
ſect. 8. 

Compare here what Galen faith of the articulations, liga- 
I! ments, perforation, c. of the ſpine, to prove the wiſdom and 
1% | providence of the Maker of animal bodies, againſt ſuch as 
8 found fault with Nature's works; among which he names Dia- 

gorat, Anaxagoras, Aﬀſclepiades, and Epicurus. Vide Galen. de 

L. Part. I. 12. init. and c. 11, Qc. alſo J. 13. init. 

2. The next inſtance ſhall be in one or two things, wherein the 
{keletons of the two ſexes differ. Thus the pelvis made in the belly 
by the ilium, ofa coxendicis, and pubis, is larger in a female than 
male ſkeleton, that there may be more room for the lying of the 
viſcera and fetus. So the cartilage bracing together the two 
2 pubis or fharebones, Bartholine ſaith, is twice thicker and 
laxer 1 in women than men: as alſo is the cartilage that tieth the - 
ol ſacrum to its vertebra; and all to give way to the paſſage of 
the fetus. 

Another conſiderable difference is in the cartilaginous pro- 
duction of the ſeven long ribs, whereby they are braced to the 
breaſt· bone. 'Theſe are harder and firmer in women than in 
men; the better to ſupport the weight of the breaſts, the 
fucking infant, &c. | 

(d) It is remarkable in the joints, and a manifeſt a& of-cau- 
tion and deſign ; x. That although the motion of the limbs be 
circular, yet the centre of that motion is not in a point, but an 
ample ſuperſicies. In a point, the bones would wear and pene- 
trate one another; the joints would be exceedingly weak, c. 
but the joints conſiſting of two large ſuperficies, concave and 
convex, ſome furrowed and ridged, ſome like a ball and ſocket, 
and all lubricated with an oily ſubſtance, they are incomparably 
prepared both for motion and ſtrength. 2. That the bones 
next the joint are not ſpungy, as their extremities commouly 


ares not hard and brittle, but capped with a ſtrong, tough, 
| ſmooth, 
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Fig.1. Front view of the human Skeleton, Showing the Fabrute & dio 


of the Bones. 
Fig.z. the Structure of the Spine. 
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them, and their own ſmoothneſs to facilitate their 
motion. 


ſmooth, -cartilaginous ſubſtance, ſerving both for ſtrength and 
motion. 

* But let us here take notice of what Galen mentions on this 
ſubject. Articulorum unuſquiſque eminentiam cavitati immiſſum 
habet : veruntamen hoc fortaſſe non ade mirabile et : ſed fi, conſi- 
derats omnium totius corporis offium mutud connexione, eminentias 
cavitatibus ſuſcipientibus equales ſemper inveneris ; hoc mirabile. Si 
enim juſto amplior efſet cavitas, laxus ſane & infirmus fieret articulus ; 
ft ftriftior, motus difficulter fieret, ut qui nullam werfionem haberet ; 

ac periculum ęſſet non parvum, eminentias offrum arAatas frangi : 
| fed horum neutrum faftum eft.——Sed quoniam ex tam ſecurd con- 
ftruftione periculum erat, ne motiones difficilitis fierent, & eminentie 
Mum extererentur, duplex rurſus auxilium in id Natura molita «ft. 
I. Cartilagine os utrumgue ſubungens, atque oblinens : alterum, ipfis 
cartilaginibus humorem unfuoſum, velut oleum, ſuperſundens 3 per 
quem facile mobilis, & attritu contumax omnis articulatio ofſium fucta 
. U undique diligenter articulus omnis cuſtodiretur, ligamenta 
quedam ex utroque offe produxit Natura.—** Each of the joints 
has a large round extremity inſerted into a cayity. Perhaps 
this does not appear ſo wonderful; but if we conſider the mu- 
tual connection of all the bones of the body, we ſhall find theſe 
projecting extremities always preciſely equal to the cavities. 
This is indeed admirable : for obſerve, were the cavity 
than the extremity, the joint itſelf would be looſe and weak; 
were it ſmaller, the joint could not move or turn with eaſe, and 
there would be a danger of the ends of the bones breaking : but 
both theſe extremes are avoided. Moreover, leſt from A nice 
and compact a ſtructure there ſhould be either a difficulty of 
motion or a danger of the bones being worn, Nature has fur- 
niſhed a double contrivance. 1. Each bone is protected by a 
cartilage, and 2. Theſe cartilages are moiſtened by an unctuqus 
and oily liquor, rendering the joint eaſy to be moved, and ſafe 
againſt friction. Beſides theſe contrivances for 2 
joint, certain ligaments are extended from each bone.” — 
4 LJ. Part. |, 1. e. 15. 
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And laſtly, I might trace the various nerves 
throughout the body, ſent about to miniſter to its 


various motions (F). I might conſider their ori- 


() For the affording this oily or mucilaginous matter, there 
are glandules very commodiouſly placed near the joints, ſo as not 
to ſuffer too great compreſſion by the motion of the neighbour- 
ing bones, and yet to receive a due preſſure, ſo as to cauſe a ſuf- 
ficient emiſſion of the mucilage into the joints. Alſo, another 


thing conſiderable is, that the excretory ducts of the mucilagi- 


nous glands have ſomg length in their paſſage from the glands to 
their mouths ; which is a good contrivance, to prevent their 
mouths being oppreſſed by the mucilage, as alſo to hinder the 
too plentiful effuſion thereof, but yet to afford a due ex- 
preſſure of it at all times and on all occaſions, as particularly 


in violent and long continued motions of the joints, when there 


is a greater than ordinary expence of it. See Cowper's Anat. 


Tab. 79. 


(/) There is no doubt to be made, but that the muſcles re- 
ceive their motion from the nerves. For if a nerve be out, or 
ſtreightly bound, that goes to any muſcle, that muſcle ſhall im- 
mediately loſe its motion. Which is doubtleſs the caſe of pa- 
ralytics ; whoſe nerves are ſome of them by obſtructions, or 
ſuch like means reduced to the ſame ſtate as if cnt or bound. 
And this alſo is the cauſe of that numbneſs or ſleepineſs we find 
oftentimes, by long ſitting or lying on any part. 
Neither is this a modern notion only ; for Galen ſaith, Princi- 
Pium nervorum omnium cerebrum eſt, & ſpinalis medulla.—Et nervi 


à cerebro animalem virtutem accipiun.— Mer vorum utilitas g facul- 
- tatem ſenſus & moths d principio in partes diducere,—** The brain 
and the ſpinal marrow is the beginning of all the nerves. The 


nerves receive their animal virtue from the brain, The uſe of 


the nerves is to communicate feeling and motion from their pri- 
: mary ſeat, through all the parts of the body.” —And this he 
\ , Intimates to have been the opinion of Hippocrates and Plato, de 
Ul. Fart. I. 1. c. 16. & paſſim. 


gi 


EH, vun. or ANIMALS, 445 


gin (g), their ramifications to the ſeveral parts, 
and their inoſculations with one another, according 
to the harmony and accord of one part with ano- 
ther, neceſſary for the benefit of the animal. But 
ſome of thoſe things I have given ſome touches 
upon already, and more I ſhall mention here- 
after (Y), and it would be tedious here to inſiſt 
upon them all. 

I ſhall therefore only ſpeak diſtinctly to the 
locomotive act itſelf, or what directly relates 
to it. 

And here it is admirable to conſider the various 
methods of Nature (i), ſuited to the occaſions of 
various animals. In ſome their motion is ſwift, in 
others flow. In ſome performed with two, four, 


(s) Dr. Wilks thinks, that in the brain the ſpirits are clabo- 
rated that miniſter to voluntary motion; but in the cerebellum, 
ſuch as effect involuntary, or natural motions ; ſuch as that of 
the heart, the lungs, c. Cerebri Anat. c. 15. 

() See book v. chap. 8. 

(i) To the foregoing, I ſhall briefly add ſome examples of 
the ſpecial proviſion made for the motion of ſome animals by 
temporary parts. Frogs and toads, in their tadpole-fate, have 
tails, which fall off when their legs are grown out. The l- 
certa aquatica, or wwater-newt, when young, hath four neat ra- 
mified fins, two on a fide, growing out a little above its forelegs, 
to poiſe and keep its body upright, (which gives it the reſem- 
blance of a young fiſh,) which fall off when the legs are grown, 
And the nympha and aurelie, of all or moſt of the inſets bred in 
the waters, as they have particular forms, different from the 
inſects they produce; ſo have alſo peculiar parts afforded them 
for their motion in the waters: oars, tails, and every part 
adapted to the waters, which are utterly varied in the inſeQs 
TN in their mature ſlate in the air, 
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or more legs; in ſome with two, or four wings; in 
ſome with neither (k). 

And firſt for ſwift or flow motions. This we 
find is proportional to the occaſions of each reſpec- 
tive animal. Reptiles, whoſe food, habitation, and 
neſts, lie in the next clod, plant, tree, or hole, 
or can bear long hunger and hardſhip, they need. 
neither legs nor wings for their tranſportation 3 
but their vermicular or ſinuous motion (performed 
with no leſs art, and as curiouſly provided for as 
the legs or wings of other creatures; this, I ſay) 
is ſufficient for their conveyance. 

Man and beaſts, whoſe occaſions require a large 
room, have accordingly a ſwifter motion, with, 
proper engines for that ſervice ; anſwerable to their 
range for food, their occupation of buſineſs, or 
their want of armature, and to ſecure them againſt 


harms (ON X 
Hut 


(4 Jam vers alia animalia gradiendo, alia ſerpendo, ad paſtum 
accedunt, alia volando, alla nando,—* Some animals ſeek their 
food in walking, others in creeping, others in flying, and others 
again in ſwimming. „Cie. de Nat. Deor. I. 2. c. 47. 

Compare alſo what Galen excellently obſerves concerning the 
number of feet in man, and in other animals ; and the wiſe pro- 


-* viſion thereby made for the uſe and benefit of the reſpectiye ani- 


mals. De UF, Part. in the beginning of the third book. 

(1) As I ſhall hereafter ſhew, that the indulgent Creator 
hath abundantly provided for the ſafety of animals by their 
cloathing, habitations, ſagacity and inſtruments of defence; ſo 
there appears to be a contemperament of their mation with theſe 
proviſions. They that are well armed and guarded, have com- 
monly a ſlower motion; whereas they that are deſtitute thereof, 

are 
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But for the winged creatures (birds and inſects), 
as they are to traverſe largs tracts of land and 
water, for their food, for their commodious habit- 
ation, or breeding their young, to find places of 
retreat and ſecurity from miſchiefs ; ſo they have 
accordingly the faculty of flying in the air; and 
that ſwiftly or ſlowly, a long or a ſhort time, ac- 
cording to their occaſions and way of life. And 
accordingly their wings, and whole body, are curi- 
ouſly prepared for ſuch a motion; as I intend * 
ſnew i in a proper place (). 

Another remarkable thing in the motive a6 
of all creatures, is the neat, geometrical perform- 
ance of it. The moſt accurate mathematician, 
the moſt ſkilful in mechanic motions, cannot pre- 
ſcribe a nicer motion (than what they perform) to 
the legs and wings of thoſe that walk or fly (u), 
or to the bodies of thoſe that creep (o). Neither 
can the body be more completely poiſed” for the 
motion it is to have in every creature, than it al- 
ready actually is. From the largeſt elephant to 
the ſmalleſt mite, we find the body artfully ba- 
lanced (5). The head not too heavy, nor too 

light 
are ſwifter. So alſo timid helpleſs animals are commonly ſwift : 
thus deer and hares: but animals endowed with couragey. craft, 
arms, &c. commonly have a ſlower motion. 
(n) See book vii. chap, 1. 
(n) Sce book vii. chap. 1. the end. 
(o) See book ix. chap. 1. note (c). 


(p) Siquis unquam alius opifex, equalitatis & proportionis ma- 
nam habuit providentiam, cert? Natura habuit in animalium corpe- 
14 ribus 


3 


248 THE MOTION 1B: IV 


light tor the reſt of the body, nor the reſt of the 
body for it (). The wiſcera are not let looſe, | or 


ſo placed, as to ſwag, over-balance, or-over-ſet the 


body; but well-braced, and diſtributed to maintain 
the æquipoiſe of the body, The motive parts alſo. 
are admirably well fixed in reſpect to the center 
of gravity ; placed in the very point, fitteſt to ſup · 
port and convey the body. Every leg beareth its 
true ſhare of the body's weight. And the wings 


ſo nicely are ſet to the center of gravity, as even 


in that fluid medium, the air, the body is as truly 
balanced, as we could have balanced it with the 


ribus Kal eerie unde Hippoerates eam refti Wee; nomina.— 
« Tf evor artiſt ſhowed in his works an attention to ſymmetry 
and proportion, certainly Nature has done ſo in the ſtructure of 
the bodies of animals: with good reaſon then has Hippocrates 
"gap her the moſt” accurate artificer, "=—Golen 4 . Part. 

2. c. 16. 

() The make of the bodies of "<a e ſeems to 
contradict what I here ſay, the heads and long necks of ſome, 
as of ſwans, ducks, and geeſe ; and the hinder parts of others, 
as of the doucker and moor- hen, and ſome other kinds; ſeeming 
to be too heavy for the reſt of their body. But inſtead, of heing 
an argument againſt, it is a notable inſtance of, the Divine art 
and providence, theſe things being nice accommodations to their 


way of life, Of ſuch as have long necks, ſee book vii. Chap. 2. 
nate (i). 


And as for ſuch whoſe hinder parts ſcems. to eee 


their foremoſt parts, whereby they fly with their bodies in a 


manner erect, this alſo is an excellent accommodation to their 


way of life, which is diving rather than 11 * book vii. 


cla. 4. note (I). 


But 


- 
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But among all creatures, none more elegant 
than the ſizing the body of man, the gauging his 
body ſo nicely, as to be able to ſtand erect, to 
ſtoop, to ſit, and indeed to move any way, only 
with the help of ſo ſmall a ſtay as the feet (r): 
whoſe mechaniſm of bones, tendons, and muſcles 

to this purpoſe, is very curious and admirable, 


(r) See book v. chap. 2. note (O). 
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C HAP. IX. 
Of the Place allotted to the ſeveral Tribes of Animals, 


AVING diſpatched the motion of animals, let 
us in the next place conſider the Place which 
the infinitely wiſe Creator hath appointed them to 
move and act, and perform the offices of the crea- 
tion in, And here we find every particular well 
ordered. All parts of our terraqueous globe fit 
for an animal 'to live and. a& in, are ſufficiently 
ſtocked with proper inhabitants \ the watery ele- 
ment (unfit, one would think, for reſpiration and 
life) abounding with creatures fitted for it; its 
bowels abundantly ſtored, and its ſurface well be- 


ſpread. The earth alſo is plentifully ſtocked in all 


its parts, where animals can be of any uſe *, not 
45 probably 


' 


A German profeſſor, Mr. ZimmErmaAn, in a very Cu» 


. rious work, intitled Specimen Zoologie Geographice, has found a. 


moſt ingenious method of exhibiting to the eye the various 
tribes and ſpecies of animals with which the earth is peopled, 
and the climates and countries which the different ſpecies in- 
habit. He gives a map of the world, in which, inſtead of towns 
and remarkable places, the names of the different animals occupy 
the ſeveral regions where they are in reality to be found. This 
plan is confined to the different ſpecies of quadrupeds : but the 
ſame idea may be purſued, not only in the other claſſes of ani- 
mals, ſuch as reptiles, birds, fiſhes, &c. but may be extended to 

| the 


cn. IX, THE NUMBERS, &C. 257 


probably the deepeſt bowels thereof indeed, being 
parts in all likelihood unfit for habitation and 


the vegetable wa mineral kingdoms. . In this way a ſet of phy- 
ſical maps might be conſtrued, which would be of eminent uſe. 
in the ſtudy of natural hiſtory. I have for the reader's ſatisfaQiam, 
given in the annexed plate a copy of a part of Mr. Zimmerman s 
map, including Europe, with a portion of Aſia and Africa. 
The animals are named according to the nomenclature of Lin- 
neus: but the ſmallneſs of the ſcale of the original 

various abbreviations N theſe are explained in the the fa 
lowing ſhort table. 


The AnBreviations of Mr. Zimmzznan's Plyſeal Map 


explained. 
A. aſinus, A/ B. = Ox 
Ant. antil. r. antilope leu- Bubal. bubalis, Bufalo 
cophza, Antelope C. canis, Dog 
Ant. 2. antilope bezoartica Capre. capreolus, Roe 
Ant. 3. — oryx Cp. capra, Goat 
Ant. 4. —— ſcripta Ct. cattus. Cat. Ct. f. cattus 
Ant. 5. —— grymmia ferinus 


Ant. 6. cervula parva Afric, Cerv. cervus, Stag 
Ant. 9. antilope tragocamelus Cun. cuniculus, Rabbit 


Ant. 8. leucopus Dm. dama, Doe 
Ant. 9g. ——— dama E. equus, Horſe 
Ant. 10. redunca Erin. erinaceus, Hedge-hog 


Ant. 11. —— ſtrepſiceros Inuus. ſimia inuus 


Ant. 12. cervicapra L. lupus, Wolf 

Ant. 13. dorcas Le. lepus, Hare 7 

Ant. 14. kevella M. 1. mus amphibius, Mauſe, Kc. 
Ant. 15. tzeiran M. 2. mus rattus, Rat 

Ant. 16.—— ſcythica M. 3. ſturmulot 

Ant. 17. bubalis M. 4- mus muſculus 

Ant. 18. roba M. 5. mus terreſtris 

Antil. var. antilopæ varia M. 6. mus ſylvatuus 

Ap. aper, Boar M. 7. mus ſylvaticus minor. 


M. 8. 
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action, and where a living creature would be uſeleſs . 
in the world; but the ſurface every where abun- 


dantly ſtored . | 
e | But 
M. 8. musgregariusyelfocialis Veſp. 4. veſpertilio perſpicil- 
M. 10. mus agrarius latus 
M. 11. mus minutus Veſp. 5. - ſpaſma 
M. 12. mus avellanarum | Veſp. 6, ————— ſoricinus 
M. 14. mus quercinus Veſp. 75, ——— leporinus 
M. 15. mus tamariſcinus Veſp. 8. moloſſus 
Muſt. muſtela, Weaſel Veſp. 9. nigrita 
O. ovis, Sheep Veſp. 10. - - barbattis 
Putor, muſtela putorius, Polecat. Veſp. 11. —— pictus | 
S. ſus, Sow Veſp. 12. ——— canadenſis 
Sc. ſciurus vulgaris, Squirrel Veſp. 13. cephalotes 
Sc. vel ſciurus volans Veſp. 14. murinus 
T. talpa vulgaris, Mole Veſp. 15. ——— noQula 
T. c. talpa caudata Veſp. 16. —— ſolea 
Tax. taxus ſeu meles Veſp. 17, ———— auritus 
V. vulpes, Fox Veſp. 18. ————ſerotinus 
Veſp. 1. veſpertilio vampirus Veſp. 19. —— pipiſtrellus 
Veſp. 2. — ſpectrum, Bat Veſp. 20. barbaſtelug 
Veſp. 3. —haſtatus Veſp. 21. lepturus 
| Eprron. 


There is nothing more worthy of obſervation than that 
admirable-cconomy of Nature, by which the ſame animal accom · 
modates itſelf to a change of climate or of manner of living, 
and adopts habits and propenſities ſuitable to its new ſituation, - 
At the Cape of Good. Hope the oſtrich inclines to fit on her 
eggs like any other bird; but in Senegal, where the heat is 
great, ſhe leaves them to the ſun during the heat of the day. 
In thoſe countries where proviſions can be found during the 
greateſt part of the year, the bee gradually loſes the propenſity of 
laying, up ſtores for the ſeaſon of winter; and in thoſe countries 
infeſted with monkies, many birds which in other climates build 

| | N 
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But that which is moſt conſiderable in this mat- 
ter, and plainly ſheweth the divine management in 
the caſe, is, that thoſe creatures are manifeſtly de- 
ſigned for the place in which they are, and the uſe 
and ſervices they perform therein . If all the 

. | animals 


— 


in buſhes and the clefts of trees, ſuſpend their neſts upon ſlender 
twigs, and by this ingenious device elude the rapacity of their 
enemies. But this accommodating power of animals is in no- 
thing more truly wonderful, than in ſome facts relative to 
generation, It is a fa& well known to naturaliſts, that certain 
animals are at one time oviparous, and at another viviparous. 
Mr. Bonnet has diſcovered that the puceron or vine-fretter, 
which generally propagates by an intercourſe of ſexes, is not 
only oviparous at one period, and viviparous at another, but in 
all caſes where the union of the ſexes is not to be obtained, can 
eaſily accompliſh all the purpoſes of generation without it. | 
_ 7 
+ Of this admirable economy the rein deer furniſhes a ſtrong 
example. This animal is peculiar to the northern regions of 
Lapland, Greenland, &c. and ſerves to ſupply moſt of the 
wants of the inhabitants of thoſe countries ſo little favoured by 
Nature. While its food is nothing elſe than a ſpecies of moſs 
which grows upon the rocks and harren mountains, its fleſh 
furniſhes a rich and wholeſome aliment, its milk a nutritive and 
delicious beverage, its ſkin a warm cloathing, and its bodily 
ſtrength and fleetneſs a ſpeedy and commodious conveyance 
for tranſporting its maſter over the tracklcſs wilds of a country, 
which for three-fourths of the year preſents an unvaried ſurface 
of hardened ſnow. The rein deer will draw the ſledge for 30 or 
40 miles at a ſtretch, without taſting food. In this ſervice he 
continues for 15 or 16 years; and when his ſtrength begins to 
fail, he is then ſlaughtered for proviſion to the family. His 
blood is preſerved in ſmall caſks, together with the marrow, and 
: : will 
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i animals of our globe had been made by chance, or 
1 placed by chance, or without the Divine Providence, 
their organs would have been otherwiſe than they 
{ are, and their place and reſidence confuſed and 
4 jumbled. Their organs (for inſtance) of reſpira- 
l . tion, of viſion, and of motion, would have fitted 
any medium, or have needed none; their ſtomachs 
= would have ſerved any food, and their blood, and 
' covering of their bodies been made for any clime, 
f or only one clime. Conſequently all the animal 
g world would have been in a confuſed, inconve- 
nient, and diſorderly commixture. One animal 
would have wanted food, another habitation, and 
molt of them ſafety. They would have all flocked 
to one, or a few plates, taken up their reſt in the 
. temperate zones only, and coveted one food, the 
| eaſieſt to be come at, and moſt ſpecious in ſhew ; 
and ſo would have poiſoned, ſtarved, or greatly in- 
commoded one another. But as the matter is now 
ordered, the globe is equally beſpread, ſo that no 


will keep freſh for many months. His horns are converted into 
glue; his finews form a very ſtrong thread for ſewing the gar- 
ment which is made of his ſkin, The tongues, which are con- 

Yidered as a great delicacy, are dried and ſold into the more 
ſouthern provinces. 'The milk of the females is made into 
butter and cheeſe, of which' the whey, by a mixture of wood 
ſorrel, becomes a kind of fermented liquor, of a flavour not un- 
pleaſant, and remarkably wholeſome. Thus this ſingle animal 
ſupplies to the Laplander and Greenlander almoſt all the wants 

and conveniencies, in ſome reſpects even the luxuries, of life. - 

EpitToR. 


place 
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is deſtitute of a proper place, and all things neceſ- 
ſary to its life, health, and pleaſure. As the ſurface 
of the terraqueous globe is covered with different 
ſoils, with hills and vales, with ſeas, rivers, lakes 
and ponds, with divers trees and plants, in the ſe ; 
veral places; fo all theſe have their animal inhabi- 
tants, whoſe organs of life and action are mani» 
feſtly adapted to ſuch and ſuch places and things; 
whoſe food and phyſic, and every other convenience 
of life, is to be met with in that very place 4. 
pointed it. The watery, the amphibious (a), the 
airy inhabitants, and thoſe on the dry land ſurface, 
and the ſubterraneous under it, they all live and 
act with pleaſure, they are gay, and flouriſh in their 
proper element and allotted place, they want 
neither for food, eloathing, or retreat; which 
would dwindle and die, deſtroy, or poiſon one an- 
other, if all coveted the ſame element, place, or 
food. 


(a) Eft etiam admiratio nonnulla in beftiis aquatilibus tis, que 
gignuntur in terrd : veluti crocodili, fluviatileſque teſtudines, quedam- 
que ſerpentes orte extra aquam, ſimul ac primùm niti paſſunt, aguam 
perſequuntur. Quin etiàm anatum ova gallinis ſepe Jupponimus—> 
Cpulli] deinde eas [matres] relinguunt—t& effugiunt, cùm primim 
aquam, quaſi naturalem domum, videre potuerunt. — It is likewiſe 
an admirable thing in ſome aquatic animals which are produced 
on land, ſuch as crocodiles, river-tortoiſes, and ſome ſerpents, that 
as ſoon as they are able to crawl, they betake themſelves to the 
water: ſo when ducks eggs are hatched by a hen, the chicks 


leave their mother, and as foon as they can ſee the water, run to- 


1 it. —Cic. de Nat. Derr. I. 2. c. 48. 
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| Nay, and as the matter is admirably well ordered, 
yet conſidering the world's increaſe, there would 
not be ſufficient room, food, and other neceſſaries 
for all the living creatures, without another grand 
act of the Divine wiſdom and providence, which is 
the balancing the number of individuals of each ſpe- 
cies of creatures, in that place appointed thereto : 
Of which in the next Chapter. 
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HAP. X. 
Of the Balance of Animals, or the due Proportion 
in which * W orld is ſtocked with er 


HE whole ſurface of our gods: can afford room 
and ſupport only to ſuch a number of all ſorts 
of creatures. And if by their doubling, trebling, 
or any other multiplication of their kind, they 
ſhould increaſe to double or treble that number, 
they muſt ſtarve, or devour one another. The 
keeping therefore the balance even, is manifeſtly 
a work of the Divine wiſdom and providence. 
To which end, the great author of life hath deter- 
| mined the life of all creatures to ſuch a length, 
and their increaſe. to ſuch a number, proportional 
to their uſe in the world. The life of ſome crea- 
tures is long, and their increaſe but ſmall, and by 
that means they do not over-ſtock the world. And 
the ſame benefit is effected, where the increaſe is 
great, by the brevity of ſuch creatures lives, by 
their great uſe, and the frequent occaſions there are 
of them for food to man or other animals. It is a 
very remarkable act of the Divine providence, that 
uſeful creatures are produced in great plenty (a), 
4. | 11, and 


() Benigna circa hoc Natura, innocua & eſculenta animalia 
facunda generavil, — Nature in her bounty hath rendered thoſe 
VOL. 1. g animals 


4 


258 OF THE. NUMBERS PLE B. Iv. 


and others in leſs. The prodigious and frequent 
increaſe of inſeCts *, both in and out of the waters, 
may exemplify the one; and it is obſervable in the 
'other, that creatures leſs uſeful, or by their voracity 
pernicious, have commonly fewer young, or do ſel- 
.domer bring forth : of which many inſtances might 
be given in the voracious beaſts and birds. But 
there is one ſo peculiar an animal, as if made for 
a particular inſtance in our preſent caſe, and that 


is the condor of Peru (b), a fowl of that magni- 
_ tude, 


animals very prolific, which are hd; and fit for the food 


of man,” —Plin. Nat. Hiſt. I. 8. c. 55. 


(5) Captain J. Strong, gave me this account, together with a 
 quill-feather of the condor of Peru. On the cooft of Chili, they 
met with this bird in about 33% -%. lat. not far froni Mocha, an 
| Hand i in the ſouth ſea, — they Poet it fitting on a cliff, by the ſea ide: 
that it was 16 feet from wing to wing extended ; that the Spaniſh 
inhabitants told them they were afraid of theſe birds, tft they fhould 
prey upon their children. And the feather he gave me (faith the 
Doctor) i two feet four inches long ; the quill-part fue inches three 

; | quarters 


* Linnzus was the firſt who obſerved one uſe of inſects 
which his own hypotheſis reſpecting the generation of plants 
had led him to remark. This is, that by ſhifting from one 
plant to another of the ſame ſpecies, they convey the pollen of 
the male plant to the ſtigma of the female. In this way,” 
ſays he, © it is reaſonable to think that many dioicous plants 
are impregnated. Nay even the hermaphrodites themſelves are 

greatly obliged to the different tribes of inſects, which by flut- 
tering and treading in the corolla, are conſtantly ſcattering the 
pollen about the ſtigma,” ? . Evprrtor, 
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tude, ſtrength, and appetite, as to ſeize not-only on 
the ſheep, and lefſer cattle, but even the larger 
beaſts, yea, the very children too. Now theſe, as - 
they are the moſt pernicious of birds, ſo are they 
the moſt rare, being ſeldom ſeen, or only one, or 
'a few in large countries ; enough to keep up the 
ſpecies; but not to overcharge the world, 
Thus the balance of the animal world, is, 
throughout all ages, kept even; and by a curious 
harmony and juſt proportion between the increaſe 
of all animals and the length of their lives, the 
world is through all ages well, but not over ſtored ; 


One generation paſſeth away, and another genera» 
lion 


quarters long, and one inch and balf about in the largeſt part. It 
weighed 3 dr. zer 
Dr. Sloane in Philoſ. Tranſ. No. 208, 

To this account, the Doctor (in a letter to Mr. Ray, March 31, 
1694, with ather papers of Mr. Ray's, in my hands) adds 
the teſtimony of Fo. Acgſta, I. 4. c. 7. and Garcilafſ. de la 
Pega, who, I. 8. c. 19. faith, There are other fowl: called 
by the Spaniards Condor. Many of theſe ſocult, having been 
"_ by the Spaniards, had their proportion taken, and from end to 

end of their wings meaſured 15 or 16 feet. Nature, to amen 

and allay their flerceneſi, denied them the talons which are given ta 

the eagle; their feet being tipped with claws like à hen: however, 
their beak is firong enough to tear off the hide, aud rip up the bowel 
of an ox. Two of them will attempt a cow or bull, and devour 
bim: and it hath often happened, that one of them alone hath aſſaulted 
boys of ten or twelve years of age, and eaten them. ' Their colour is 
| black and white, like a magpie. It is well there are but few of 
them; for if they were many, they would very much deftroy the cattle, . 

They have on the fore: part of their heads a comb, ay” 1 

i $3 » 0 
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tion cometh (c); ſo equally in its room, to balance 
the ſtock of the terraqueous globe in all ages, and 
places, and among all creatures; that it is an actual 
_ demonſtration of our Saviour's aſſertion, Mat. x. 
29. that the moſt inconſiderable, common crea- 
ture, even a ſparrow, ( two of which are fold for a 
 farthing, ] doth not fall on the ground PONG our 
heavenly Father. 
This providence of God is remarkable in every 
ſpecies of living creatures: but that efpecial ma- 
ement of the recruits and decays of mankind, 
ſio equally all the world over, deſerves our eſpecial 
_ obſervation. In the beginning of the world, and ſo 
after Noah's flood, the longevity of men, as it was 


of the new world; ſo is it a ſpecial inſtance of the 
Divine Providence in this matter (d). And the 
| a ſame 


that of a cock ; but rather even, in the form of a razor. When they 
come to alight from the air, they male ſuch a humming noiſe, ith the 
Juattering of their wings, at is enough to aſtoniſh, or make a man 
deof. 

(e) Eedlefe i. 4. 


- 


of man, immediately after the creation and flood ; but alſo 

in their different longevity at thoſe two times. Immediately 
after the creation, when the world was to be peopled by one man, 
and one woman, the age of the greateſt part of thoſe on record, 
was 900 years, and upwards. But after the flood, when there 
were three perſons by whom the world was to be peopled, none 
of thoſe patriarchs, except Shem, arrived to the age of 500 ; 
and only 1 the three firſt of Shem's line, viz. Arphaxad, Salah, and 
Eber, 


of abſolute neceſſity to the more ſpeedy peopling- 


IE 4 The divine providence doth not only appear in the lon» 


/ 
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Tame Providence appears in the: following ages; 
when the world was pretty well peopled, in re- 
ducing the common age of man then to 120 years, 
(Gen. vi. 3.) in proportion to the occaſions of the 
world at = time. And laſtly, when the world 
was fully peopled after the flood, (as it was in the 
age of Moſes, and ſo down to our preſent time,) 
the leſſening. the common age of man to 70 or 80 
years (e), (the age mentioned by Moſes, P/al. xc. 10. 


Eler, came near that age; which was in the firſt century after 
the flood. But in the ſecond century, we do not find any reached - | 
the age of 240. And in the third century, (about the latter 
end of which Abraham was born,) none, except-Terah, arrived 
to 200 years: by which time the world was ſo well peopled, 
(that part of it, at leaſt, where Abraham dwelt, ) that they had 
built cities, and began to be cantoned into diſtin&+ nations and 
' ſocieties, under their reſpeQve kings; ſo that they were able to 
wage war, four kings againſt. five. Gen. xiv. Nay, if the ac» 
counts of Anian, Berothus, Manetho, and others, yea Africanus, 
be to be credited ; the world was ſo well peopled, even before 
the times we ſpeak of, as to afford ſufficient numbers for -the 
great kingdoms of Afyria, Egypt, Pena, &c. But learned 
men generally, with great reaſon, reject theſe as legendary ac- 
counts. 

If the reader hatha mind to ſas a computation of the ene | 
of mankind, in the three firſt centuries after the flood, he may 
find two different ones of the moſt learned archbiſhop-Uſhter, and 
Petaviu:; together with a reſutation of the ſo early beginning 
of the Mirian monarchy ; as alſo reaſons for placing Abraham 
near 1000 years after the flood, in our mot nes CO 
bing fleet's Orig. Sacr. Book iii. chap. 4. ed. g. * 

(e) That the common age of man bath been the ſame in al 


ages ſince the world was peopled, is manifeſt from profane ag 
$3 well 
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welt 4 as 4300 er To paſs by others : Plato lived to the 
age of 81, and was accounted an old man. And thoſe which 


Pliny reckons up, FA 7. c. 48., as rare examples of long life, 
may for the moſt part be matched by our modern hiſtories ; 


B. Iv. 
\ 


this, I ſay,) is manifeſtly an appointment of the 
_ e Lord that * the world: 1 by 


this 


eſpecially ſuch as Pliny himſelf gave credit unto. Dr. Plat 


hath given us divers inftances in his hiſtory of Oxfordſhire, c. 2. 
ſect. 3. and c. 8. ſect. 54. and Hiſtory of Staffordſbire, e. 8. ſect. 
91, Ce. Among others, one is of twelve tenants of Mr. Bid. 
| But the moſt 
conſiderable examples of aged perfons among us, is of old Parr 
the, according 
to the learned Dr. Harvey's account; and Henry Fenkins 
of Yorkſhire, who lived 169 years, according to the account 
of my learned and ingenious friend Dr. Tancred Robinſon ; of 
both which, with others, ſee Lowth. Abridg. Phil. Tranf. v. if. 
p. 306. The great age of Parr of Shropſhire minds me of an 
obſervation of the reverend Mr. Plaxton, that in his two-pariſhes 
of Kinardſey and Donington in Shropſhire, every ſixth ſoul was 60 
years of age, or upwards. Phil. Tranſ. No. 310. 
And if we ſtep farther north into Scotland, we ſhall find divers 
recorded for their great age: of which I ſhall preſent the reader 
with only one modern example of one Laurence, who married a 
wife after he was 100 years of age, and would go out to ſea a 
fiſhing in his little boat, when he was 140 years old; and is 
lately dead of no other diſtemper but mere eld age, ſaith Sir 


dulph*s, that together made 1000 years of age. 


of Shropſbire, who lived 152 years nine mon 


Rob. Sibbald, Prodr. Hift. Nat. Scot. p. 44. and I. 3. p. 4. 


As for foreigners, the examples would be endleſs ; and there - 
fore that of Joh. Ottele ſhall ſuffice, who was as famous for his 
beard, as for being 115 years of age. He was but two Brabant 
ells 3 high; and his long grey beard was one ell 4 long. His 
picture and account may be ſeen in Ephem. Germ. T. 3. C/ 163. 

As for the ſtory Roger Bacon tells, of one that lived goo 
years by the help of a certain 3 and many 9 ſuch 

ories, 
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this means, the peopled world is kept at a conve- 
nient ſtay; neither too full, nor too empty. For 
if men (the generality of them, I mean) were to 
live now to Methuſelah's age of 969 years, or only 
to Abrahan's, long after the flood, of 175 years, 
the world would be too much over- run; or if the 
age of man was limited to that of divers other ani- 
mals, to ten, twenty, or thirty years only; the de- 
cays then of mankind would be too faſt: but at 
the middle rate mentioned, the balance is nearly 
even, and life and death keep an equal pace. 
Which equality is ſo great and harmonious, and ſo 
manifeſt an inſtance of the divine management, 
that I ſhall ſpend ſome remarks upon it. 


ſtories, Hy va pag Wang Aud ns better is that | 
of the wandering Few, named Job. Buttadeur, ſaid to have been 
preſent -at our Saviour's crucifixion : although very ſerious 
ſtories are told of his being ſeen at Antwerp, and in France, 
about the middle of the laſt century but one; and before in ann. 
1542, converſed with by Paul of Eigen, biſhop of Sl/wich ; and 
before that, viz. in 1228, ſeen and converſed with by an Arme- 
nian archbiſhop's gentleman ; and by others at other times. 

If the reader hath a mind to ſee more examples, he may meet 
with ſome of all ages, in the learned HakewilPs Apol. p. 181. 
where he will alſo find that learned author's opinion of the 
cauſes of the brevity and length of human life. The brevity 
a artributeth bo d 690 tear eee 
nurſes, too haſty marriages; but above all, to luxury, high 
ſauces, ſtrong liquors, c. The longevity of the antients he 
aſcribes to temperance in meat and drink, anointing the body, 
the uſe of ſaffron and honey, warm clothes, lefſer doors and 
windows, leſs phyfic-and more exerciſe, 4 J 

84 | t 


+_ do. 
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It appears from our beſt accounts of theſe mat- 
ters, that in our European parts (J), and I believe 
the ſame is throughout the world; that, I ſay, there 
is a certain rate and proportion in the propagation 


(/) The proportions which marriages bear to births and 
births to buriale, in divers parts of F may be ſeen at an 


eaſy view in this TaBLz:; 
NAMES OF THE PLACES, 1 e 
England in general. 4 270 493 1712 to 1 
| London. \ [4 tag?” Nen 
Hanſſhire, from 156g, 1 to 1658, 1to 4* 12 to 1 
| Froerton n m Devon. 1 1560, to 1649. s 1 to 3*7 |1 126 to 1 
Cranbrook in Kent, — to to 1649. 1 to 39 1146 9 1 
es Is in Nort thamptonſb. for I ns to 176 to i 
Leeds in Torl/hire for 122 years. 1 to 3% 107 to 1 
Harwood in In Yortfhire 57 years. 1 to 34 123 to 1 
Upminſter in Eſſex 100 years. * 1 to 46 108 to 1 
rankfort on the Main in . 1 to 3% 12 to 1 
O!d middle and lower Marck in 1698. 1 to 3½% 1 to 1 
Domin. of the R. of Frſſa in 1698, | 1 to 3 1% t 4: 
|Breflaw in Silgſia from 1687, to 1691, 11.6 to 1 
Faris in n 1670, 1671, 1672. | 1 to 447 [1* to 176 


Which table I made from major Graunt's obſervations on che 


bills of mortality; Mr. King's obſervations in the firſt of Dr. 
Davenant's eſſays; and what I find put together by my inge- 
nious friend Mr. Lowthorp, in his Abridgment, vol. 3. p. 668, 
and my own regiſter of Upmin/ſler, That from Aynho regiſter 
in Northamptonſhire, I had from the preſent rector, the learned 
and ingenious Mr. Vaſe: and I was promiſed ſome accounts 
from the north, and divers other parts of this kingdom; but 
have not yet received them: only thoſe of Leeds and Harwood 
in Yorkſhire, from my curious and ingenious friend Mr. Thoreſby. 


of 
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of mankind : ſuch a number marry (g), ſo many 
are born, ſuch amumber die; in proportion to the 


number of perſds in every nation, county, or pa- 
riſh, And as t e 
derable: one is the proportion of males and ſe- 
mn ene 15 

ain, 


(e) The preceding table * that po MLS obe with 
another, do each of them produce about four births ; not only 
in England, but in other parts of Zurope alſo. 2 

And by Mr. King's eſtimate, (the beſt computitiong, 1 ima- 
give of any, being derived from the beſt accounts; ſuch ad the 
marriage, birth, burial- act, the poll · books, r. by his eſtimate, 
I ſay, ) about one in 104 marry. For he judgeth the 1 je 
of the people in England, to be about ſive millions and a half 
which about 41,000 annually marry. As to what might be 
farther remarked concerning marriages, in regard of the ' fights 
and cuſtoms of ſeveral nations, the age to which divers nations 
limited marriages, c. it would be endleſs; and too much out of 
the way to mention them: I ſhall only therefore, for the 
reader's diverſion, take notice of the jeer of La#antiue, guare 
apud poetas ſalaciſſimus Jupiter defiit kiberos tollere ? Utrum ſexa- 
genariur fatur, & ei lex Papia fibulam impoſuit ?—* Why tas 
Jupiter, the moſt ſalacious of all the gods, ceaſed to have pro- 
geny? Is it that, being now above fixty years old, he is pad- 
locked by the Papian'law.” —La&tant. Inſtit. I. 1. e. 16. By 
which lex Papia, men were prohibited to marry after 60, and F 
women after 50 years of age. 

() Major Graunt (whoſe concluſions ſeem to be — 
. grounded) and Mr. King diſagree in the proportions they aſſign 

to males and females. This latter makes in Londoh 10 males 
to be to 13 females; in other cities and market-towns, 8to'g'; 
and in the villages and hamlets, 100 males to 99 females, But 
major Graunt, both from the London and country bills, faith, 
there are 14 males to 13 females : from whence he juſtly infers, 
That the Chriftian religion, prohibiting polygamy, it more agreeable to 
the lar of Nature than Mahometiſm, and others that allow it, e. 8. 
13 This 
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tain, accidental number at all adventures; but 
— Another thing is, that a few more 


en thas enen * any e place (i) 
wn V n en which 


as of 14 t 1 3.1 aagie, 7 is nearly juſt, it being 
[to the bills 1 have met with, as well as thoſe in My. 

In the 100 years, for example, of my own pariſh-re- 

iſter, although the burials of males and females were nearly 
tdl, being 636 males, and 623 females, in all that time; yet 
there were baptifed 709 males, and but 675 females, which is 13 
females to 13% males. Which inequality ſhews, not only, that 
one man ought t6 have but one wife ; but alſo that every woman- 
may, without polygamy, have an huſband, if ſhe doth not bar 
herſelf by the want of virtue, by denial,” &c, Alſo this ſurplu- 
jr of cho is very uſeful for the ſupplies of war, the ſens, ad 


er ſuch expences of the men above the women, 


That this is work of the Divine 1 
of haves, is well made out by the very laws of chance, by a 
n able to do it, the i ingenious and learned Dr. Arbuthnot. 
1. 7 ſuppoſeth Thomas, to lay againſt Jobn, that for 82 years 
running, more males ſhall be born than females ; and giving all 
allowances in the computation to Thomas's ſide, he makes the 
odds againſt Thomas, that it doth not happen ſo, to be near five 
millions — millions, of millions, of millions to one; but for ages 
af ages (according to the world's age), to be near an infinite 
number to one againſt Thomas, Vide Phil. Tranſ. No. 328. 
(i) The foregoing table ſhews, that nta 
euer die than are born, there being but one death to 1 439 births. 
But in London more die than are born. 80 by Dr. Davenant's 
table, the cities likewiſe! and market-towns bury 1 130 to one 
birth. But in Paris they out-do London, their deaths being 1 14 
to one birth: the reaſon of which I conceive is, becauſe their 
houſes are more crowded than in London. But in the villages 
of England, there are fewer die than are born, there being but 
1 death to 1 157 births. And yet major Graunt, and Dr. Da- 
ran both obſerre, there are more breeders in London, and the 
cities 
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which is an admirable proviſion for the extraordi- 
| nary emergencies and occaſions of the world; to 
ſupply unhealthful places, where death out-runs 
life; to make up the ravages of great plagues and 
diſeaſes, and the depredations of war and the 
ſeas ; and to afford a ſufficient number for colo- 
nies in the unpeopled parts of the earth. Or on 
the other hand, we may ſay, that ſometimes thoſe 
extraordinary expences of mankind may be not 
only a juſt puniſhment of the fins of men; but alſo 
a wiſe means to keep the balance of mankind even 
as one would be ready to conclude, by confidering 
the Afiatic and other the more fertile countries, 
where prodigious multitudes are yearly ſwept away 
with great plagues, and ſometimes war; and yet 
thoſe countries are ſo far from being waſted,” that 
they remain full of people, 
And now upon the whole matter, What. is all 
this but admirable and plain management? What 
can the maintaining, throughout all ages and 
places, theſe proportions of mankind, and all other 
creatures; this harmony in the generations of men 
be, but the work of One that ruleth the world? 


cities and market-towns, than are in the country, notwithſtanding 
the London births are fewer than the country ; the reaſon of 
which ſee in Graunt, c. 7. and Davenant, ubi ſupra, p. 21. 


The laſt remark I ſhall make from the foregoing table ſhall be, 


that we may from thence judge of the healthfulneſs of the places 
there mentioned. If the year 1698 was the mean account of the 
three Marcela, thoſe places bid the faireſt for being moſt health- 
ful; and next to 1 Aynha and Cranbrook for Engliſh towns. 

| Is 
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Is it poſlible that every ſpecies of animals ſhould ſo 
evenly be preſcrved, proportionate to the occaſions 
of the world? That they ſhould be ſo well balanced 


in all ages and places, without the help of Al- 
mighty wiſdom and power? How is it poſſible by 
the bare rules and blind acts of Nature, that there 
ſhould be any tolerable proportion; for inſtance, 
between males and females, either of mankind, or 


of any other creature (+) ; eſpecially ſuch as are of 
a ferine, not of a domeſtic nature, and conſequently 
out of the command and management of man? 


How could life and death keep ſuch an even pace 
through all the animal world? If we ſhould take 


it for granted, that, according to the ſcripture 
| hiſtory, the world had a beginning, (as who can 
deny it ()? or if we ſhould ſuppoſe the deſtruction 


) Nu loguar, quanta ratio in befliis ad perpetuam conſerva- 

tionem earum generis appareat ? Nam primum alie mares, alie fe- 
mine ſunt, quod perpetuitatis causd machinata Natura eff. — . What 
is more admirable than the proportion obſerved by Nature be- 
tween the numbers of males and females in the different tribes of 
animals, ſo wiſely ordered for the preſervation of the ſpecies?— 
Cie. de Nat. Deor. I. 2. c. 51. 

(!) Although Ariſtotle held the eternity of the world, yet he 
ſeems to have * that opinion, or to have had a different 
opinion when he wrote his Metaphyſics ; for in his firſt book he 
_ affirms, that God is the cauſe and beginning of all things ; and in 
his. book de Mundo he ſaith, There is no doubt but God is the 
maker and conſervator of all things in the world. And the Stoic's 
opinion is well known, who ſtrenuouſly contended, That the 
contrivance and beauty of the heavens and earth, and all crea- 
tures, was owing to a wiſe, intelligent Agent. Of which 75 
gives a large account in his ſecond book de Nat. Deor. in the 


perſon of Ba/bur. | | 
| thereof 
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thereof by Noah's flood: how is it poſſible, after 
the world was repleniſhed,) that in a certain number 

of years, by the greater increaſes and doublings 
of each ſpecies of animals; that, I ſay, this rate of 
doubling (n) ſhould ceaſe ; or that it ſhould be com- 


() I have before, in note (g), obſerved, That the ordinary 
rate of the doubling or increaſe of mankind is, that every mar- 
riage, one with another, produces about four births ;' but ſome 
have much exceeded that. Babo, earl of Alenſperg, had 32 ſors 
and eight daughters; and being invited to hunt with the empe- 
ror Henry II. and bring but few ſervants, brought only one ſer- 
_ vant, and his 32 ſons. To theſe many others might be added 
but one of the moſt remarkable inftances I have any where met 
with, is that of Mrs. Honywood, mentioned by Hakewil, Camden, 
and other authors ; but having now before me the names, with 
ſome remarks, (which I received from a pious neighbouring de- 
ſcendant of the ſame Mrs. Hony2vood,) I hall give a more purtĩ- 
cular account than they. Mrs. Mary Honywood was daughter 
and one of the co-heireſſes of Robert Atwwaters, Eſq. of Lenham 
in Kent, She was born in 1527, married in February 1543, at 
16 years of age, to her only huſband Robert Honywood, of Charing 
in Kent, Eſq. She died in the 93d year of her age, in May 1620. 
She had 16 children of her own body, ſeven ſons and nine 
daughters : of which one had no iſſue, three died young, and the 
youngeſt was ſlain at Newport-battle, June 20, 1600. Her 
grand-childi« en in the ſecond generation, were 114; in the third, 
2283 and nine jn the fourth generation. So that ſhe could ſay 
the ſame that the diſtich doth, made of one of the Dalburg's 


family of 8 
2 
Mater ait Nate, dic Nee, * Wass 


5 
2 3 
4. up Daughter, and go to ty Daughter, for her Daughters 
6 


Daughter hath a Daughter. Mrs. wr 2 was a very pious 
woman, 
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penſated by ſome other means? That the world 
ſhould be as well, or better ſtocked than now it is, 
in-1656 years, (the time between the creation and 
the flood ; this,) we will ſuppoſe may be done by 
the natural methods of each ſpecies doubling or in- 
creaſe: but in double that number of years, or at 
this diſtance from the flood, of 4000 years, that rhe 
world ſhould not be over- ſtocked, can never be 
made out, without allowing an infinite Providence. 
I conclude then this obſervation with the Pſal- 
miſt's words, P/al. civ. 29, 30, Thou hide/t thy 
face, all creatures are troubled ; thou takeft away 
their breath, they die, and return to their duſt. Thou 
ſendgſt forth thy Spirit, they are created; and thou 
reneweſt the face of the earth, 


woman, afflicted, in her declining age, with deſpair, in ſome _ 
meaſure z concerning which, ſome divines once diſcourſing with 
her, ſhe in a paſſion ſaid, She wat as certainly damned as this glaſs 
is broken (throwing a Venice glaſs againſt the ground, which ſhe = 
had then in her hand), But the glaſs eſcaped breaking, as Cree 
dible witneſſes atteſted, 


END OF THE FIRST VOLUME. 


